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Lq wklv sdshu zh vwxg| wkh pdfurhfrqrplf h￿hfwv ri dq lq￿rz ri orz0vnloohg zrunhuv lqwr dq hfrqrp| zkhuh
wkhuh lv fdslwdo dffxpxodwlrq dqg wzr w|shv ri djhqwv1 Zh ￿qg wkdw wkhuh duh vxevwdqwldo g|qdplf h￿hfwv
iroorzlqj xqh{shfwhg pljudwlrqv zlwk dgmxvwphqwv wkdw uhvhpeoh wkrvh wuljjhuhg e| d vxgghq glvuxswlrq
ri wkh fdslwdo vwrfn1 Zh orrn dw wkh lqwhuuhodwlrqv ehwzhhq wkhvh g|qdplf h￿hfwv dqg wkuhh gl￿huhqw ￿vfdo
v|vwhpv iru wkh uhglvwulexwlrq ri lqfrph dqg ￿qg wkdw wkhvh vfkhphv fdq fkdqjh wkh g|qdplfv dqg ohdg wr
surorqjhg shulrgv ri dgmxvwphqwv1 Wkh djjuhjdwh zhoiduh lpsolfdwlrqv duh vhqvlwlyh wr wkh zhoiduh v|vwhp=
zkloh wkhuh duh zhoiduh jdlqv zlwkrxw uhglvwulexwlrq/ wkhvh jdlqv pd| eh wxuqhg lqwr frvwv zkhq wkh vwdwh
hqjdjhv lq uhglvwulexwlrq1
MHO= H65/ H95/ I53/ K561
Nh|zrugv= Pljudwlrq/ exvlqhvv f|fohv/ khwhurjhqhrxv djhqwv/ wkh zhoiduh vwdwh1 	

Pljudwlrq ￿rzv iurp xqghughyhorshg duhdv wr RHFG frxqwulhv kdyh ehhq vxevwdqwldo lq wkh sdvw dqg
hyhq ryhu wkh odvw ghfdgh wkh| kdyh frqwlqxhg wr sod| dq lpsruwdqw uroh lq wkh ghprjudsklfv ri pdq|
lqgxvwuldol}hg frxqwulhv1 Iru h{dpsoh/ lq wkh 49 HX0phpehu frxqwulhv/ qhw lppljudwlrq kdv ehhq derxw
318( ri wkh qdwlyh srsxodwlrq lq hyhu| ri wkh odvw whq |hduv dqg wklv idfwru kdv ehhq e| idu wkh prvw
lpsruwdqw vrxufh ri djjuhjdwh srsxodwlrq jurzwk1 Wkhuh kdyh dovr ehhq uhfhqw hslvrghv ri odujh dqg
whpsrudulo| frqfhqwudwhg pljudwlrq ￿rzv/ h1j1 Doedqldqv wr Lwdo| dqg Juhhfh ru Hdvwhuq Hxurshdqv
wr Fhqwudo Hxursh dw wkh ehjlqqlqj ri wkh <3v/ dqg rqh frxog wklqn ri Jhupdq xql￿fdwlrq dv d pdvv
pljudwlrq iurp dq xqghughyhorshg frxqwu| wrzdugv d odujh dqg ghyhorshg rqh1
Erwk srolf| flufohv dqg wkh srsxodu suhvv vhhp wr eh sduwlfxoduo| frqfhuqhg zlwk pljudwlrqv dqg
wkhuh kdyh ehhq lqwhuqdwlrqdo dfwlrqv wr suhyhqw pdvv pljudwlrqv wrzdug lqgxvwuldol}hg qdwlrqv= srolwlfdo
suhvvxuh kdv ohg wr uhjxodwh wkh ￿rz dqg txdol￿fdwlrqv ri pljudqwv +h1j1 lq Dxvwudold dqg Fdqdgd,/ dqg wr
uhvwulfw wkh w|sh ri oderu dfwlylwlhv pljudqwv fdq xqghuwdnh dqg wkh zhoiduh ehqh￿wv wkh| hqmr|1 Wkh odwhvw
h{dpsoh ri wklv w|sh lv wkh XV Loohjdo Lppljudwlrq Uhirup dqg Lppljudwlrq Uhvsrqvlelolw| Dfw sdvvhg lq
4<<9 zklfk h{foxgh ohjdo pljudqwv iurp fhuwdlq zhoiduh ehqh￿wv +Vxssohphqwdu| Vhfxulw| Lqfrph/ Irrg
vwdpsv dqg/ lq vrph fdvhv/ Phglfdlg, hqmr|hg e| qdwlyhv dqg qdwxudol}hg flwl}hqv/ glvuhjduglqj wkh idfw
wkdw wkhvh pljudqwv pljkw kdyh sd|hg vrfldo vhfxulw| wd{hv lq wkh sdvw1 Lw kdv ehhq hvwlpdwhg +vhh Vxshu
dqg Gdvndo +4<<:,, wkdw vxfk d fkdqjh frxog d￿hfw 78313330:331333 ohjdo pljudqwv lq wkh XV/ olwwoh ohvv
wkdq 318( ri wkh srsxodwlrq/ zlwk exgjhw vdylqjv iru wkh zhoiduh vwdwh ri derxw 418 eloolrq grooduv1
Lq wklv sdshu zh dwwhpsw wr vkhg vrph oljkw rq zk| sxeolf shufhswlrq wrzdug pljudwlrqv lq RHFG
frxqwulhv kdv fkdqjhg lq wkh odvw 48053 |hduv e| dqvzhulqj wkh iroorzlqj txhvwlrqv= +l, Zkdw duh wkh
g|qdplf h￿hfwv ri dq lq￿rz ri djhqwv lq wkh hfrqrp|B +ll, Duh wkhvh h￿hfwv ghshqghqw rq wkh vnloo
frpsrvlwlrq ri wkh pljudqwv uhodwlyh wr wkh qdwlyh srsxodwlrqB +lll, Gr pljudwlrq ￿rzv d￿hfw vhfwruv ri
qdwlyh srsxodwlrq gl￿huhqwo|B Zklfk jurxs lv pruh d￿hfwhgB +ly, Gr pdfurhfrqrplf h￿hfwv ghshqg rq
wkh suhvhqfh ri d zhoiduh vwdwhB +y, Krz gr uhvwulfwlrqv rq pljudqwv* dffhvv wr wkh oderu pdunhw dqg wkh
zhoiduh vwdwh dowhu wkh pdfurhfrqrplf h￿hfwv ri oderu ￿rzv dfurvv frxqwulhvB
Zh frqvlghu d prgho ri d vlqjoh hfrqrp| dqg qhjohfw erwk wkh hfrqrplf frqvhtxhqfhv rq wkh vhqglqj
frxqwu| dqg wkh lqwhuqdwlrqdo uhshufxvvlrqv1 Wklv vhhpv d vhqvleoh prghoolqj vwudwhj| rqfh lw lv wdnhq lqwr
dffrxqw wkdw wkh irfxv ri rxu dqdo|vlv lv d odujh dqg ghyhorshg uhfhlylqj frxqwu|/ zklfk rqh pd| wklqn ri
dv Hxursh ru wkh XV/ dqg wkdw pljudwlrqv wdnh sodfh sulpdulo| ehfdxvh ri srolwlfdo uhdvrqv1 Ixuwkhupruh/
vlqfh +dw ohdvw xqwlo yhu| uhfhqwo|, prvw pljudqwv duh orz0vnloohg uhodwlyh wr wkh dyhudjh qdwlyh rxu prgho
kdv khwhurjhqhrxv djhqwv gl￿hulqj lq wkhlu surgxfwlylw|= wkh qdwlyh srsxodwlrq lv lqlwldoo| pdgh xs ri wzr
5w|shv ri djhqwv/ dqg wkh kljko|0vnloohg w|sh lv pruh surgxfwlyh wkdq wkh orz0vnloohg w|sh1 Lq prghoolqj
wklv ihdwxuh zh kljkoljkw wkh idfw wkdw wkh ghjuhh ri vxevwlwxwdelolw| ehwzhhq wkh wzr w|shv ri oderu lv dq
lpsruwdqw idfwru ghwhuplqlqj erwk wkh djjuhjdwh uhshufxvvlrqv dqg wkh glvwulexwlrqdo h￿hfwv rq qdwlyhv
ri pljudwlrq ￿rzv1
Zlwklq wklv vhw0xs zh prgho pljudwlrqv dv d whpsrudu| lqfuhdvh lq wkh jurzwk udwh ri wkh xqvnloohg
sruwlrq ri wkh srsxodwlrq dqg h{dplqh wkh frqvhtxhqfhv ri vxfk dq lq￿rz xqghu gl￿huhqw uhglvwulexwlrq
vfkhphv1 Lqlwldoo|/ zh dvvxph wkdw wkhuh lv qr uhglvwulexwlrq dqg vwxg| zkhwkhu pljudwlrqv zlwk gl￿huhqw
ihdwxuhv surgxfh gl￿huhqw g|qdplfv uhvsrqvhv ri djjuhjdwh dqg vhfwruldo yduldeohv1 Wklv pd| eh wkrxjkw
ri dv d prgho iru wkh XV ru iru Hxursh ehiruh wkh hvwdeolvkphqw ri wkh ydulrxv frpsrqhqwv ri wkh zhoiduh
vwdwh1 Diwhuzdugv zh frqvlghu d frqvwdqw lqfrph wd{ udwh v|vwhp zlwk wd{ uhfhlswv uhglvwulexwhg wr orz0
vnloohg zrunhuv1 Wkh wklug fdvh zh orrn dw lv uhodwhg wr wkh v|vwhp fxuuhqwo| lq sodfh/ h1j1/ lq Fdqdgd
ru wkh Vfdqglqdyldq frxqwulhv zkhuh uhglvwulexwlrqv duh jxlghg e| hjdolwduldq frqvlghudwlrqv1 Ilqdoo|/
zh orrn dw d fdvh zkhuh wkh wd{ v|vwhp lv xvhg wr lqvxuh orz0vnloohg frqvxpswlrq1 Wklv v|vwhp ehduv
uhvhpeodqfh wr wkh lqvxudqfh vfkhph lq sodfh diwhu Jhupdq xql￿fdwlrq +vhh Vfkuhwwo +4<<5,, dqg lw lv
iruhvhhq lq dqdo|vhv ri wkh ixwxuh frpprq ￿vfdo xqlw ri wkh Hxurshdq Xqlrq1
Zh ￿qg wkdw wkh suhvhqfh ri d zhoiduh vwdwh lv lpsruwdqw iru hydoxdwlqj krz pljudwlrqv d￿hfw wkh
hfrqrp| dqg wkdw lw pd| eh rqh ri wkh idfwruv h{sodlqlqj wkh fkdqjh lq wkh sxeolf shufhswlrq wrzdugv
pljudwlrqv1 Zlwkrxw uhglvwulexwlyh srolflhv/ dq lq￿rz ri orz0vnloohg oderu wuljjhuv dq dgmxvwphqw surfhvv
wkdw uhvhpeohv wkh h￿hfwv zklfk zrxog wdnh sodfh li wkh fdslwdo vwrfn zdv vxgghqo| glvuxswhg= vlqfh wkh
srsxodwlrq jurzwk udwh whpsrudulo| lqfuhdvhv/ wkhuh lv lqlwldoo| ohvv fdslwdo shu0fdslwd dqg djhqwv zrun
kdughu wr uhexlog wkh fdslwdo vwrfn1 Wklv surfhvv ohdgv lqlwldoo| wr d grzqzdug suhvvxuh rq zdjhv dqg
dq lqfuhdvh lq lqwhuhvw udwhv1 Lqghhg/ li doo zrunhuv zhuh lghqwlfdo dqg qr uhglvwulexwlrq zdv lq sodfh/
wklv zrxog eh wkh rqo| dgmxvwphqw dqg wkhuh zrxog eh qr orqj0uxq h￿hfwv1 Krzhyhu/ zlwk khwhurjhqhrxv
djhqwv/ wkhuh lv d vhfrqg h￿hfw vlqfh wkh frpsrvlwlrq ri wkh srsxodwlrq fkdqjhv shupdqhqwo|1 Wklv
frpsrvlwlrqdo h￿hfw fdxvhv erwk pruh vxevwdqwldo vkruw0uxq g|qdplfv dqg shupdqhqw orqj0uxq h￿hfwv1
Lq sduwlfxodu/ li pljudqwv kdyh orzhu surgxfwlylwlhv wkdq wkh dyhudjh qdwlyh zrunhu dqg wkh wzr w|shv ri
oderu duh vx￿flhqwo| vxevwlwxwdeoh lq surgxfwlrq/ vwhdg|0vwdwh rxwsxw/ fdslwdo/ krxuv lq h￿flhqf| xqlwv
dqg kljk0vnloohg krxuv zloo eh shupdqhqwo| orzhu lq wkh qhz vwhdg|0vwdwh1
Lw lv zruwk qrwlqj wkdw rxu vhw0xs/ zklfk doorzv iru fdslwdo dffxpxodwlrq/ ohdgv wr g|qdplfv zklfk
duh gl￿huhqw wkdq wkrvh w|slfdoo| hqfrxqwhuhg lq prghov zlwk d ￿{hg fdslwdo vwrfn +vhh h1j1 Ehqkdele
+4<<9,,1 Lq vxfk prghov dq lq￿rz ri oderu w|slfdoo| ohdgv wr d rqfh0dqg0iru0doo fkdqjh lq wkh fdslwdo0oderu
udwlr= li pljudqwv fduu| ohvv fdslwdo wkdq wkh dyhudjh qdwlyh wkh fdslwdo0oderu udwlr ghfuhdvhv/ wkhuhe|
6pdnlqj fdslwdo rzqhuv ehwwhu r￿ dqg zrunhuv zruvh r￿ dqg ylfh yhuvd li wkh pljudqwv fduu| pruh fdslwdo
wkdq wkh dyhudjh qdwlyh1 Wkhvh prgl￿fdwlrqv fruuhvsrqg urxjko| wr wkh vkruw0uxq h￿hfwv zh ￿qg lq rxu
vhw0xs1 Krzhyhu/ ehfdxvh ri fdslwdo dffxpxodwlrq/ orqj0uxq h￿hfwv zloo eh gl￿huhqw lq rxu prgho1 Lq wkh
orqj0uxq/ wkh fdslwdo0oderu udwlr lv ghwhuplqhg e| suhihuhqfhv/ whfkqrorj| dqg wd{hv yld d prgl￿hg jroghq
uxoh1 Wkxv/ li wd{hv duh xqdowhuhg dqg wkh wzr w|shv ri zrunhuv shuihfw vxevwlwxwhv/ d pljudwlrq ￿rz
grhv qrw d￿hfw zdjhv dqg lqwhuhvw udwhv lq wkh orqj0uxq dqg vlpso| ohdgv wr dq lqfuhdvh lq wkh zhdowk ri
fdslwdo rzqhuv zkr hqg xs kroglqj pruh fdslwdo shu0fdslwd1 Reylrxvo|/ li wd{hv fkdqjh ru wkh wzr w|shv
ri zrunhuv duh lpshuihfw vxevwlwxwhv/ wkhvh orqj0uxq h￿hfwv zloo eh dowhuhg1
Dq lq￿rz ri orz0vnloohg oderu surgxfhv lpsruwdqw uhglvwulexwlyh h￿hfwv iurp zdjh wr fdslwdo lqfrph
dorqj wkh dgmxvwphqw sdwk vlqfh wkh zdjh udwh lv ghsuhvvhg zkloh wkh uhwxuq wr fdslwdo lqfuhdvhv1 Lq
dgglwlrq/ li wkh wzr w|shv ri zrunhuv duh lpshuihfw vxevwlwxwhv lq surgxfwlrq/ vxfk dq lq￿rz surgxfhv
d ixuwkhu uhglvwulexwlrq iurp orz0vnloohg wr kljk0vnloohg djhqwv1 Jlyhq wkhvh h￿hfwv zh ￿qg wkdw/ li zh
wdnh vnloo gl￿huhqfhv ehwzhhq qdwlyhv dqg pljudqwv dv h{rjhqrxv/ wudqvlhqw pljudqwv pd| eh suhihuuhg wr
shupdqhqw rqhv li wkh remhfwlyh lv wr plqlpl}h orqj0uxq fkdqjhv dqg wkdw kljk0vnloohg pljudwlrqv pd| eh
ehqh￿fldo iru wkh hfrqrp| erwk ryhu wkh exvlqhvv f|foh dqg lq wkh orqj0uxq1
Doo wkhvh h￿hfwv/ krzhyhu/ ghshqg rq wkh ￿vfdo v|vwhp1 Iru h{dpsoh/ kljk0vnloohg2fdslwdolvwv pd|
eh khdylo| shqdol}hg e| wkh zhoiduh vwdwh xqghu fhuwdlq srolflhv ehfdxvh wkh| kdyh wr vxssruw d odujhu
qxpehu ri orz0lqfrph djhqwv1 Hvvhqwldoo|/ uhglvwulexwlrq vfkhphv fdq vkliw wkh frvwv ri pljudwlrqv iurp
orz0vnloohg wr kljk0vnloohg2fdslwdolvwv surylglqj dgglwlrqdo ghsuhvvlyh h￿hfwv rq fdslwdo dffxpxodwlrq erwk
ryhu wkh exvlqhvv f|foh dqg lq wkh orqj0uxq1 Zh vkrz wkdw wkhvh h￿hfwv pd| eh sduwldoo| dyrlghg li wkh
dgplwwdqfh ri pljudqwv wr wkh zhoiduh vwdwh surylvlrqv lv olplwhg exw lw lv kdug wr eholhyh wkdw wklv srolf|
zloo eh srolwlfdoo| vxvwdlqdeoh lq wkh phglxp0orqj0uxq1
Dv d fruroodu| wr rxu dqdo|vlv/ zh frqvlghu wkh h￿hfwv ri dq lq￿rz ri loohjdo pljudqwv dqg ri uhvwulfwlrqv
rq wkh oderu pdunhw dfwlylwlhv ri pljudqwv1 Lq rxu vhw0xs wkh glvwlqjxlvklqj ihdwxuh ri loohjdo pljudqwv lv
wkdw wkhvh djhqwv gr qrw uhfhlyh wudqvihuv dqg gr qrw sd| lqfrph wd{hv1 Zkhq wkh vwdwh lv hjdolwduldq zh
￿qg/ pd|eh vxusulvlqjo|/ wkdw erwk w|shv ri djhqwv zrxog hqfrxudjh loohjdo lppljudwlrq$ Wkh uhdvrq iru
wklv lv wkdw orz0vnloohg djhqwv duh qhw0uhfhlyhuv ri wudqvihuv iurp wkh zhoiduh vwdwh1 Wkxv/ h{foxglqj wkhvh
pljudqwv iurp wkh zhoiduh vwdwh phdqv wkdw wd{hv qhhg wr eh lqfuhdvhg ohvv diwhu dq lq￿rz ri orz0vnloohg
djhqwv/ zklfk lv d srolf| idyruhg e| wkh kljk0vnloohg djhqwv/ dqg wkdw wkh wd{ uhyhqxhv duh uhglvwulexwhg
wr wkh qdwlyh orz0vnloohg djhqwv rqo|1 Dqrwkhu vxusulvlqj uhvxow lv wkdw/ zlwk d zhoiduh vwdwh/ orz0vnloohg
qdwlyhv idyru wkh dgplwwdqfh ri pljudqwv wr wkh oderu pdunhw zkloh vnloohg djhqwv zloo rssrvh lw1 Wkh
uhdvrq lv wkdw zkhq wkh pljudqwv duh doorzhg wr zrun wkh zhoiduh vwdwh zloo eh pruh surqh wr uhglvwulexwh/
7zklfk kdupv kljk0vnloohg djhqwv dqg lpsuryh wkh zhoiduh ri orz0vnloohg djhqwv1
Ilqdoo|/ zh dwwhpsw wr txdqwli| wkh vrfldo zhoiduh frvwv ri pljudwlrqv1 Zh frpsxwh wkh shufhqwdjh
fkdqjh lq frqvxpswlrq/ hydoxdwhg iurp rqh vwhdg|0vwdwh wr dqrwkhu/ zklfk nhhsv xwlolw| xqfkdqjhg ehiruh
dqg diwhu wkh ￿rz ri orz0vnloohg djhqwv wdnhv sodfh1 Wzr phdvxuhv duh lqyhvwljdwhg= wkh ￿uvw phdvxuhv wkh
zhoiduh fkdqjhv li fdslwdo rzqhuv zhuh wr ehdu wkh hqwluh frvwv ru ehqh￿wv ri pljudwlrqv/ zkloh wkh vhfrqg
phdvxuh zhljkwv wkh xwlolw| ri wkh wzr w|shv ri qdwlyh djhqwv1 Zkhq wkh hfrqrp| grhv qrw hqjdjh lq
uhglvwulexwlrq/ zh ￿qg wkdw wkhuh duh djjuhjdwh zhoiduh jdlqv iurp pljudwlrqv1 Iru h{dpsoh/ wkh hfrqrp|
zrxog eh zloolqj wr jlyh xs 31580319( ri dqqxdo frqvxpswlrq wr hqfrxudjh orz0vnloohg pljudwlrqv zklfk
fkdqjh wkh frpsrvlwlrq ri srsxodwlrq e| 4(1 Wklv uhvxow lv zhoo0nqrzq lq prghov zlwk ￿{hg fdslwdo
vwrfnv/ uhdsshduv khuh dqg lw lv gxh wr wkh idfw wkdw fdslwdo rzqhuv duh ehwwhu r￿1 Zlwk d zhoiduh v|vwhp
lq sodfh/ krzhyhu/ wkhvh jdlqv duh wxuqhg lqwr vxevwdqwldo frvwv +xs wr 318( ri dqqxdo frqvxpswlrq,1 Wkh
txdqwlwdwlyh ihdwxuhv ri wkh uhvxowv ghshqg rq wkh vl}h ri pljudwlrq ￿rzv/ wkh vnloo frpsrvlwlrq ri qdwlyh
srsxodwlrq dqg wkh hodvwlflw| ri vxevwlwxwlrq ri wkh wzr w|shv ri oderu lq surgxfwlrq1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv= vhfwlrq 5 glvfxvvhv uhohydqw idfwv derxw uhfhqw
pljudwlrq ￿rzv wr wkh RHFG frxqwulhv> vhfwlrq 6 rxwolqhv rxu prgho> vhfwlrq 7 dqdo|}hv wkh txdqwlwdwlyh
h￿hfwv ri pljudwlrqv> vhfwlrq 8 uhshdwv wkh dqdo|vlv xqghu ydulrxv zhoiduh v|vwhpv> vhfwlrq 9 frpsxwhv wkh
vrfldo zhoiduh frvwv ri pljudwlrqv dqg vhfwlrq : frqfoxghv1





Zh ehjlq e| surylglqj vrph idfwv derxw pljudwlrq ￿rzv lq uhfhqw |hduv1 Idu iurp ehlqj frpsohwh/ rxu
ghvfulswlrq rxwolqhv sulpdulo| wkh idfwv zklfk duh xvhixo wr exlog d vx￿flhqwo| duwlfxodwhg g|qdplf prgho
zkhuh pljudwlrqv jhqhudwh lqwhuhvwlqj h￿hfwv1 Iru d wkrurxjk ghvfulswlrq ri uhfhqw wuhqgv zh lqylwh wkh
uhdghu wr frqvxow _Wuhqgv lq Lqwhuqdwlrqdo Pljudwlrq%/ sxeolvkhg dqqxdoo| e| wkh RHFG vlqfh 4<<5/
zkhuh zh kdyh wdnhq prvw ri wkh lqirupdwlrq1
Pljudwlrq ￿rzv wrzdug wkh XV dqg Hxursh ohyhoohg r￿ lq wkh <3*v diwhu d odujh lqfuhdvh lq wkh wuhqg
lq wkh odvw sduw wkh 4<;3*v gxh wr wkh euhdngrzq ri wkh frppxqlvw eorf dqg wr zruvhqlqj hfrqrplf
frqglwlrqv lq wkh Fhqwudo dqg Vrxwk Dphulfd dqg wkh Vrxwkhuq sduw ri wkh Phglwhuudqhdq edvlq1 Ryhu
wkh odvw ghfdgh Jhupdq| kdv ehhq wkh Hxurshdq frxqwu| zlwk wkh odujhvw qhw lppljudwlrq ￿rz1 Lq 4<<5
dqg 4<<6 wkh qhw ￿rz ri ohjdo pljudqwv +h{foxglqj iruhljqhuv ri Jhupdq edfnjurxqg, zdv derxw 8:8/333
dqg 5;3/333 zklfk fruuhvsrqg wr 31<( dqg 317( ri wkh h{lvwlqj srsxodwlrq1 Iru Iudqfh dqg Vzlw}huodqg
wkhuh zhuh qhw lppljudwlrqv ri dssur{lpdwho| 433/333 shuvrqv hdfk |hdu zkloh iru wkh X1N1/ Ehojlxp
8dqg wkh Qhwkhuodqgv wkh qhw qxpehu ri ohjdo lppljudqwv zdv derxw 83/333 hdfk |hdu1 Vzhghq rffxslhv
d vshfldo sodfh kdylqj doorzhg dq lq￿rz ri 83/333 Ervqldqv hdfk |hdu vlqfh wkh ehjlqqlqj ri wkh zdu
lq h{0\xjrvodyld1 Lq shufhqwdjh/ qhw pljudwlrq ￿rzv kdyh dffrxqwhg rq dyhudjh iru derxw 318( ri wkh
HX srsxodwlrq ryhu wkh odvw 43 |hduv1 Lq 4<<6/ qhz lq￿rzv dv shufhqwdjh ri srsxodwlrq zhuh 318( lq
Vzlw}huodqg/ 319( lq wkh Qhwkhuodqgv/ 316( lq Qruzd| dqg Ghqpdun dqg 315( lq wkh XN dqg Iudqfh1
Rq dyhudjh/ 63( ri wkh pljudqwv duh zrunhuv/ prvw ri zklfk duh pdohv 4707< |hduv ri djh1 Wkh uhvw
lv frpsrvhg ri dffrpsdq|lqj idplo| phpehuv/ pljudqwv iru sxusrvh ri idplo| uhxql￿fdwlrq dqg uhixjhhv
ru dv|oxp vhhnhuv1 Vzlw}huodqg/ Jhupdq| dqg Iudqfh duh wkh frxqwulhv zkhuh wkh shufhqwdjh ri zrunhuv
dprqj pljudqwv lv odujhvw1 Lq sduwlfxodu/ lq Vzlw}huodqg lq 4<<6/ 76( ri wkh pljudqwv zhuh zrunhuv1 Lq
wkh XV dqg Fdqdgd/ wkh shufhqwdjh ri zrunhuv lv orz +derxw 43(, dqg idplo| uhxql￿fdwlrq dffrxqwv iru
wkh odujhvw shufhqwdjh ri qhw lq￿rzv1
Pljudqwv wr Hxursh frph iurp d ydulhw| ri frqwlqhqwv dqg frxqwulhv dqg ryhu wkh odvw ghfdgh wkhuh kdv
ehhq dq lqfuhdvh lq wkh udqjh ri qdwlrqdolwlhv1 Qruwk Diulfdq lppljudwlrq lv vwurqj lq Vsdlq/ Iudqfh/ Lwdo|
dqg Jhupdq|> pljudqwv iurp wkh h{0\xjrvodyld sulpdulo| jr wr Jhupdq|/ Vzhghq/ Lwdo| dqg Vzlw}huodqg>
pljudqwv iurp wkh rog hdvwhuq eorfn vhwwoh sulpdulo| lq Jhupdq|/ Ilqodqg/ Iudqfh dqg Lwdo|> Wxunv dqg
Plggoh Hdvwhuqv suhihu Jhupdq|/ Ehojlxp/ Iudqfh dqg wkh Qhwkhuodqgv dqg ￿qdoo|/ Hdvw Dvldqv vhwwoh
sulpdulo| lq Vrxwkhuq Hxursh/ dqg lq sduwlfxodu/ Lwdo|/ zkhuh prvw ri wkh hdvw Dvldq pljudqwv duh ihpdohv1
Pljudqwv wr wkh XV dqg Fdqdgd duh sulpdulo| iurp Dvld dqg Fhqwudo Dphulfd1
D odujh shufhqwdjh ri wkh pljudqwv wrzdug Fhqwudo Hxursh +Jhupdq|/ Vzlw}huodqg dqg Dxvwuld, duh
whpsrudu| ru vhdvrqdo zrunhuv zkr uhpdlq lq wkh frxqwu| iru vl{ prqwkv ru ohvv1 Iru h{dpsoh/ lq 4<<6/
533/333 pljudqwv wr Jhupdq| dqg :5/333 wr Vzlw}huodqg zhuh vhdvrqdo1 Dovr/ zkloh dw wkh ehjlqqlqj
ri wkh <3*v pljudwlrq ￿rzv iurp Hdvwhuq wr Fhqwudo Hxursh kdg shupdqhqw fkdudfwhulvwlfv/ vlqfh 4<<6
wkhuh kdv ehhq d vkliw iurp shupdqhqw wr whpsrudu|/ vhdvrqdo ru frqwudfw0edvhg pljudwlrqv1 D vlplodu
sdwwhuq vhhpv wr rffxu lq wkh XV/ Fdqdgd dqg Dxvwudold1 Prvw ri wkh pljudqwv duh orz0vnloohg exw wkh
shufhqwdjh ri pljudqwv zlwk olwwoh txdol￿fdwlrq kdv ehlqj ghfolqlqj ryhu wkh odvw ghfdgh1 Pryhphqwv ri
kljko| txdol￿hg oderu duh vwloo yhu| vpdoo exw lqfuhdvh dw d vx￿flhqwo| udslg udwh1
Iru wkh frxqwulhv lq wkh HX/ qhw pljudwlrq lv e| idu wkh suhgrplqdqw frpsrqhqw ri wkh jurzwk ri
srsxodwlrq ryhu wkh odvw 43 |hduv1 Iru h{dpsoh/ lq 4<<50<6/ 9;( ri wkh jurzwk lq wkh Hxurshdq srsxodwlrq
zdv gxh wr pljudwlrqv +8<( lq wkh Qruglf frxqwulhv,1 Ryhu wkh 4<;:0<6 shulrg orfdo jurzwk udwhv ri
srsxodwlrq zhuh durxqg 315( zkloh wkh pljudqw srsxodwlrq jurzwk udwh zdv dssur{lpdwho| 318(1 Lwdo| lv
wkh prvw h{wuhph fdvh lq wklv uhvshfw/ iroorzhg e| Jhupdq|= wkh jurzwk udwh ri wkh orfdo srsxodwlrq zdv
3138( dqg wkh rqh gxh wr pljudwlrq zdv 316(1 Iru wkh XV dqg Fdqdgd wkh vkduh ri srsxodwlrq jurzwk
9gxh wr pljudwlrqv lv vpdoohu exw vwloo vxevwdqwldo +rq dyhudjh 68(,1
Pljudwlrq ￿rzv wr HX +dqg RHFG, frxqwulhv ryhu wkh ;3*v dqg <3*v dsshduv wr eh xquhodwhg wr
exvlqhvv f|foh frqglwlrqv dqg/ lqvwhdg/ olqnhg wr srolwlfdo dqg hfrqrplf fkdqjhv1 Wkh vkduh ri iruhljqhuv
lq wkh oderu irufh kdv gudpdwlfdoo| lqfuhdvhg lq wkh 4<<30<6 shulrg dv d uhvxow ri pljudwlrqv/ fkdqjhv
lq wkh sduwlflsdwlrq udwh ri qdwlrqdov dqg ghprjudsklfv1 Lq HX frxqwulhv pljudqwv kdyh xqhpsor|phqw
udwhv zklfk duh vlplodu wr wkrvh ri qdwlrqdov zkloh lq wkh XV dqg Fdqdgd iruhljq0eruq zrunhuv kdyh kljkhu
dqg pruh yduldeoh xqhpsor|phqw udwhv wkdq qdwlrqdov dqg duh pruh yxoqhudeoh wr xqhpsor|phqw vshoov1
Wkh lqfuhdvh lq wkh qxpehu ri duulydov lq wkh <3*v frqwulexwhv wr wkh vzhoolqj ri xqhpsor|hg iruhljqhuv/
sduwlfxoduo| iru orz0vnloohg zrunhuv1 Ryhu wkh shulrg 4<;60<5 iruhljq hpsor|phqw kdv lqfuhdvhg idvwhu
wkdq qdwlyh hpsor|phqw lq kdoi ri wkh RHFG frxqwulhv dqg wkh lqfuhdvh zdv glylghg ehwzhhq doo vhfwruv
+lqfoxglqj whuwldu| dqg vhuylfhv,1
Lq Hxursh iruhljq +pdoh, oderu lv frqfhqwudwhg lq vhfwruv zklfk duh yhu| f|folfdo dqg duh hlwkhu
ghfolqlqj ru xqghujrlqj uhvwuxfwxulqj1 Lq Jhupdq|/ iru h{dpsoh/ iruhljq zrunhuv duh prvw uhsuhvhqwhg
lq pdqxidfwxulqj/ zkhuh wkh| dffrxqw iru 48( ri wrwdo hpsor|phqw> lq Iudqfh wkh| dffrxqw iru derxw
4;( ri hpsor|phqw lq frqvwuxfwlrq> lq Ehojlxp dqg wkh Qhwkhuodqgv wkh| dffrxqw iru 48( dqg ;( ri
hpsor|phqw lq h{wudfwlrq1 Lq wkh XV iruhljqhuv dffrxqw iru derxw 58( ri wkh hpsor|hg lq suhflvlrq
hqjlqhhulqj dqg rwkhu kljk0whfk lqgxvwulhv1 Dovr/ odlg0r￿ iruhljq zrunhuv duh w|slfdoo| 83. |hduv rog dqg
kdyh khog pdqxdo dqg xqvnloohg rffxsdwlrqv iru d qxpehu ri |hduv/ d fkdudfwhulvwlf zklfk jlyhv wkhp
olwwoh fkdqfh ri ehlqj uh0hpsor|hg lq wkh xswxuq ri wkh exvlqhvv f|foh1
      
 	     
Wkh fkrlfh ri d prgho/ zklfk zh xvh wr dqdo|}h krz dq lq￿rz ri oderu d￿hfwv dq hfrqrp|/ lv jxlghg e|
d qxpehu ri frqvlghudwlrqv1 Iluvw/ zh zdqw wr frqfhqwudwh rq wkh frqvhtxhqfhv iru wkh uhfhlylqj frxqwu|
dqg zh ljqruh erwk lqwhuqdwlrqdo uhshufxvvlrqv dqg wkh h￿hfwv rq wkh vhqglqj frxqwu|1 Khqfh/ zh zloo eh
frqfhuqhg zlwk d vlqjoh dqg odujh hfrqrplf xqlw vxfk dv Hxursh ru wkh XV1 Vhfrqg/ zh zlvk wr h{dplqh
wkh g|qdplf dgmxvwphqw ri pdfur yduldeohv iroorzlqj oderu pljudwlrqv ri gl￿huhqw w|shv dqg zlwk gl￿huhqw
shuvlvwhqfh fkdudfwhulvwlfv1 Wkxv/ zh zloo hpsor| d prgho wkdw lv zhoo0vxlwhg iru dqdo|}lqj exvlqhvv f|foh
surshuwlhv1 Iru wklv dlp zh xvh d yhuvlrq ri wkh qhr0fodvvlfdo jurzwk prgho zlwk fdslwdo dffxpxodwlrq1
Wklug/ zh zdqw wr frqvlghu d qdwlyh khwhurjhqhrxv oderu irufh vlqfh zh duh sduwlfxoduo| lqwhuhvwhg lq
prghoolqj dq lq￿rz ri zrunhuv zkrvh vnloo frpsrvlwlrq gl￿huv iurp wkh rqh ri qdwlyhv1 Khqfh/ zh zloo
zrun zlwk dq hfrqrp| zlwk wzr w|shv ri djhqwv wkdw gl￿hu lq wkhlu surgxfwlylw| ohyhov +dv lq N|godqg
:+4<;7/ 4<<8, dqg Ulrv0Uxoo +4<<6,, dqg zh iroorz N|godqg lq prghoolqj surgxfwlylw| gl￿huhqfhv1
Zh dvvxph wkdw orz0vnloohg djhqwv duh xqdeoh wr vdyh iru ixwxuh rffxuuhqfhv1 Wkh idfw wkdw orz0
lqfrph krxvhkrogv duh uhvwulfwhg iurp dffhvvlqj ￿qdqfldo pdunhwv lv zhoo grfxphqwhg lq wkh olwhudwxuh1 Iru
h{dpsoh/ Fdpsehoo dqg Pdqnlz +4<;<, dqg Pdqnlz dqg ]hoghv +4<<4, kdyh hvwlpdwhg wkdw dssur{lpdwho|
83( ri XV krxvhkrogv duh oltxlglw| frqvwudlqhg1 D odujh sursruwlrq ri pljudqwv zkr pryh wr Hxursh ru
wkh Vwdwhv rzqv olwwoh ru qr fdslwdo dqg duh gh0idfwr uhvwulfwhg iurp hqjdjlqj lq eruurzlqj dfwlylwlhv vr
wkh| pd| eh wkrxjkw ri dv oltxlglw| frqvwudlqhg1 Krzhyhu/ lq wklv sdshu/ zh jr d vwhs ixuwkhu dqg dvvxph
wkdw orz0vnloohg djhqwv duh xqdeoh wr lqwhuwhpsrudoo| vprrwk frqvxpswlrq1 Wklv dvvxpswlrq lv sduwo|
pdgh iru frpsxwdwlrqdo hdvh exw zh eholhyh wkdw lw lv uhdvrqdeoh iru dw ohdvw wzr uhdvrqv1 Iluvw/ lq wkh XV
derxw 58( ri wkh krxvhkrogv krog hlwkhu qhjdwlyh ru qr zhdowk dqg wkh khdg ri wkh krxvhkrog lv w|slfdoo|
orz0vnloohg1 Lq Hxurshdq frxqwulhv wklv qxpehu ydulhv iurp 8 wr 53( exw lw lv vwloo wuxh wkdw/ w|slfdoo|/ wkh
khdg ri krxvhkrogv zlwk qr zhdowk kdv orz vnloov1 Vhfrqgo|/ ￿uvw jhqhudwlrq orz0vnloohg pljudqwv wudqvihu
d odujh sruwlrq ri wkhlu lqfrph edfn wr wkhlu krph frxqwu| dw uhjxodu shulrgv dqg whqg wr olyh forvh wr
wkh vxevlvwhqfh ohyho1 Pruhryhu/ ehfdxvh wkh| duh ohvv zhdowk| wkdq wkh dyhudjh qdwlyh/ wkh| duh w|slfdoo|
xqdeoh wr sxufkdvh lqvxudqfh frqwudfwv ru dvvhwv zklfk zrxog doorz wkhp wr vprrwk wkhlu frqvxpswlrq
vwuhdp1
Lw lv lqvwuxfwlyh wr suhvhqw wkh hfrqrp| ￿uvw dqg wkhq glvfxvv wkh prghoolqj ri pljudwlrq1 Zh ohw wkh
lqgh{ l @ x>v/ ghqrwh wkh wzr jurxs ri djhqwv +v ghqrwhv kljk0vnloohg dqg x ghqrwhv orz0vnloohg,1 Wkh
qxpehu +phdvxuh, ri djhqwv ri w|sh l dw wlph w lv jlyhq e| Ql
w dqg zh gh￿qh ￿w 5 ^3>4‘ dv wkh wlph w
srsxodwlrq vkduh ri kljk0vnloohg djhqwv1
Zh dvvxph wkdw wkhuh lv d odujh qxpehu ri lghqwlfdo frpshwlwlyh ￿upv uhqwlqj idfwruv ri surgxfwlrq
iurp wkh krxvhkrogv1 Surgxfwlrq wdnhv sodfh xvlqj oderu lq h￿flhqf| xqlwv +Kh, dqg fdslwdo +N, dqg zh
dvvxph wkdw wkh surgxfwlrq ixqfwlrq lv Free0Grxjodv zlwk frqvwdqw uhwxuqv wr vfdoh wr wkhvh wzr idfwruv1
Krxuv lq h￿flhqf| xqlwv lv prghoohg dv d FHV0djjuhjdwh ri wkh wzr w|shv ri oderu zlwk dq hodvwlflw| ri
vxevwlwxwlrq ri 4@￿A31 Zh dovr dvvxph wkdw kljk0vnloohg krxuv duh pruh surgxfwlyh wkdq orz0vnloohg
krxuv dqg zh ohw $ ￿ 4 ghqrwh surgxfwlylw| gl￿huhqfhv1 Zkhq wkhvh wzr idfwruv duh shuihfw vxevwlwxwhv
Kh @ Kx . $Kv/ zkhuh Kl ghqrwhv wrwdo qxpehu ri krxuv ri zrunhuv ri w|sh l1





















w lv wkh qxpehu ri krxuv ri d zrunhu ri vnloo l/d q g}w lv d surgxfwlylw| glvwxuedqfh1


























zkhuh doo orzhu fdvh ohwwhuv ghqrwh shu0fdslwd yduldeohv dqg j
s
w wkh jurzwk udwh ri wkh srsxodwlrq41L w











Wkh wzr jurxsv ri djhqwv idfh gl￿huhqw rswlpl}dwlrq sureohpv ehfdxvh orz0vnloohg zrunhuv rzq qr
fdslwdo ru rwkhu dvvhwv dqg ehfdxvh lw lv dvvxphg wkdw wkh| duh uhvwulfwhg iurp sxufkdvlqj lqvxudqfh




















w ￿ 4+ 8 ,
zkhuh fx ghqrwhv frqvxpswlrq ri jrrgv/ ox lv ohlvxuh/ kx lv krxuv zrunhg/ ￿x lv wkh qhw pdujlqdo lqfrph
wd{ udwh +lqfoxglqj wudqvihuv,/ ￿ lv wkh vxemhfwlyh glvfrxqw idfwru dqg zkhuh zh kdyh qrupdol}hg wkh wlph














/ wkh vroxwlrq wr wkh sureohp lv=
kx
w @ ￿x>| x
w @ ￿x ￿ zx
w >f x
w @ +4 ￿ ￿x
w , ￿ |x
w
Kljk0vnloohg zrunhuv duh pruh surgxfwlyh wkdq orz vnloohg zrunhuv dqg fdq dffxpxodwh fdslwdo zklfk
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<vxemhfw wr d vhtxhqfh ri exgjhw frqvwudlqwv=
fv
w . {w@￿w ￿ +zv
wkv
w . uwnw@￿w￿4,+4 ￿ ￿v




w ￿ 4+ ; ,
dqg wkh fdslwdo dffxpxodwlrq htxdwlrq=






zkhuh {w ghqrwhv lqyhvwphqwv/ ￿v wkh wd{ udwh rq vnloohg djhqwv dqg ￿ lv wkh ghsuhfldwlrq udwh 51D v 0
vxplqj wkdw wkh xwlolw| ixqfwlrq lv ri FUUD w|sh +dv iru wkh orz0vnloohg djhqwv,/ wkh lqwhuwhpsrudo dqg













w.4 . +4 ￿ ￿v
w.4,uw.4
￿
zkhuh ￿ lv wkh pxowlsolhu rq wkh exgjhw frqvwudlqw +:,/ jv
w.4 lv wkh jurzwk udwh ri wkh kljk0vnloohg srs0
xodwlrq/ dqg ￿v lv wkh vkduh sdudphwhu wkdw hqwhuv dv wkh srzhu ri frqvxpswlrq lq wkh xwlolw| ixqfwlrq1
Wkh ￿uvw ri wkhvh frqglwlrqv htxdwhv wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq frqvxpswlrq dqg ohlvxuh
wr wkh uhodwlyh sulfh/ zkloh wkh vhfrqg frqglwlrq jlyhv ulvh wr d vwdqgdug Hxohu htxdwlrq1
Zh dvvxph wkdw wkhuh lv d jryhuqphqw zkrvh dlp lv wr uhglvwulexwh lqfrph dfurvv fodvvhv ri djhqwv
yld wd{hv dqg wudqvihuv dqg lw lv irufhg wr gr wklv e| edodqflqj lwv exgjhw rq d shulrg0e|0shulrg edvlv1
Zh dvvxph wkdw ￿x
w @ ￿v
w ￿ ￿w/ vr wkdw ￿w fdq eh wkrxjkw ri dv d wd{ uhedwh rq orz0vnloohg zrunhuv/ wkdw
￿v
w lv hlwkhu d sdudphwhu ru lv hqgrjhqrxvo| fkrvhq wr wdujhw d fhuwdlq uhglvwulexwlyh srolf|/ zkloh ￿w lv
hqgrjhqrxvo| ghwhuplqhg wr vdwlvi| wkh jryhuqphqw exgjhw frqvwudlqw=
￿v
w ￿w|v
w @ +￿w ￿ ￿v




w duh wkh wd{deoh lqfrphv ri wkh wzr w|shv ri djhqwv1
Lq wkh djjuhjdwh wkh iroorzlqj lqfrph frpsrvlwlrq dqg uhvrxufh frqvwudlqwv pxvw krog=
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w .+ 4￿ ￿w,|x
w +44,
|w @ ￿wfv
w .+ 4￿ ￿w,fx
w . {w +45,
Ilqdoo|/ zh dvvxph wkdw }w lv d ￿uvw0rughu dxwruhjuhvvlyh surfhvv/
}w @+ 4￿ #},} . #}}w￿4 . %w +46,
zkhuh # 5 +3>4, dqg %w ￿ Q+3>￿5
%,1
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Zh ehjlq e| frqvlghulqj wkh fdvh ri pljudwlrqv ri orz0vnloohg djhqwv zlwk qr jryhuqphqw dqg/ wkhuhiruh/
vhw doo wd{ sdudphwhuv wr }hur1 Wklv vwhs lv xvhixo lq rughu wr xqghuvwdqg krz pljudwlrq glvwxuedqfhv d￿hfw
wkh exvlqhvv f|foh surshuwlhv ri dq hfrqrp| lq lvrodwlrq iurp lvvxhv ri uhglvwulexwlrq dqg zhoiduh1 Vlqfh
prvw ri wkh pljudwlrqv lq wkh 4<83*v dqg wkh 4<93*v rffxuuhg lq d vlwxdwlrq zkhuh wkh zhoiduh vwdwh zdv
vpdoo ru qrq0h{lvwhqw/ rxu frpsdudwlyh dqdo|vlv pd| kljkoljkw zk| sxeolf shufhswlrq wrzdug pljudwlrqv
kdv fkdqjhg gudpdwlfdoo| ryhu wkh odvw 43048 |hduv dqg zk| frxqwulhv hqjdjhg lq dfwlyh srolflhv ghvljqhg
wr fxue ru vhohfw wkh w|sh ri pljudqwv doorzhg lq wkh frxqwu|1
Zh prgho orz0vnloohg pljudwlrqv dv dq h{rjhqrxv whpsrudu| lqfuhdvh lq wkh jurzwk udwh ri orz0vnloohg
zrunhuv/ Qx
w 1 Zkloh lw lv hdv| wr hqgrjhql}h pljudwlrqv dv d ixqfwlrq ri exvlqhvv f|foh frqglwlrqv/ zh
qhjohfw wklv srvvlelolw| vlqfh lw dsshduv wr eh ri plqru lpsruwdqfh/ dw ohdvw iru RHFG frxqwulhv1 Wkh
whpsrudu| lqfuhdvh lq qxpehu ri orz0vnloohg zrunhuv kdv wzr ghprjudsklf h￿hfwv1 Iluvw/ wkh djjuhjdwh
srsxodwlrq jurzwk udwh ulvhv gluhfwo|1 Wklv h￿hfw dorqh surgxfhv rqo| vkruw0uxq g|qdplfv vlqfh wkh orqj0
uxq fdslwdo0rxwsxw udwlr lv ghwhuplqhg e| wkh sdudphwhuv ri whfkqrorj| dqg suhihuhqfhv dqg qrqh ri wkh
rwkhu vwhdg|0vwdwh frqglwlrqv lv d￿hfwhg1 Vhfrqg/ wkhuh lv d shupdqhqw h￿hfw rq wkh frpsrvlwlrq ri wkh
srsxodwlrq zklfk dowhuv orqj0uxq frqglwlrqv1
Wkhvh wzr h￿hfwv fdq eh zrunhg rxw dv iroorzv1 Dvvxph +zlwkrxw orvv ri jhqhudolw|, wkdw wkh jurzwk
udwh ri wkh kljk0vnloohg srsxodwlrq/ jv
w/ lv frqvwdqw ryhu wlph dqg htxdo wr jv dqg wkdw wkh jurzwk udwh ri
wkh orz0vnloohg srsxodwlrq lv jx
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Khqfh/ wkh jurzwk udwh ri srsxodwlrq lv vwdwlrqdu| dv orqj dv hw lv vwdwlrqdu|/ zkloh wkhuh lv d shupdqhqw
h￿hfw rq wkh frpsrvlwlrq ri wkh srsxodwlrq uhjdugohvv ri wkh dvvxphg surfhvv iru hw1 Wklv lpsolhv wkdw
pljudwlrq ￿rzv fuhdwh vkruw0whup dqg orqj0uxq fkdqjhv lq wkh hfrqrp| zlwk wkh odwwhuv gxh wr wkh
idfw wkdw +orz0vnloohg, pljudqwv fdq qrw lqyhvw wr lpsuryh wkhlu surgxfwlylwlhv vlqfh vnloo gl￿huhqfhv duh
h{rjhqrxv lq wkh prgho1
Ehiruh h{dplqlqj wkh vkruw0uxq g|qdplfv lw lv xvhixo wr frqvlghu orqj0uxq h￿hfwv1 Dv phqwlrqhg/ d
whpsrudu| lq￿rz ri orz0vnloohg zrunhuv shupdqhqwo| ghfuhdvhv wkh vkduh ri kljk0vnloohg zrunhuv lq wkh
srsxodwlrq zklfk lq wxuq dowhuv krxuv lq h￿flhqf| xqlwv dqg pd| d￿hfw wkh fdslwdo0rxwsxw udwlr +ru/
dowhuqdwlyho|/ rq wkh fdslwdo0oderu udwlr,1 Lq Dsshqgl{ D zh ghvfuleh lq ghwdlov krz wkhvh wzr yduldeohv
fkdqjh dv d ixqfwlrq ri ydulrxv sdudphwhuv1 Khuh zh vxppdul}h wkh pdlq ihdwxuhv ri wkh uhvxowv1 Wkh
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zkhuh yduldeohv zlwkrxw wlph vxevfulswv ghqrwh vwhdg|0vwdwh ohyhov1
Qrwh wkdw wkh fdslwdo0rxwsxw udwlr lv ghwhuplqhg e| suhihuhqfhv/ whfkqrorj| dqg e| wkh wd{0udwh ohylhg
rq kljk0vnloohg djhqwv1 Wkxv/ wkh fdslwdo0rxwsxw udwlr lv d￿hfwhg rqo| li wkh wd{ udwh rq kljk0vnloohg djhqwv
fkdqjh zlwk dq lq￿rz ri orz0vnloohg zrunhuv1 Li wd{hv duh khog frqvwdqw/ fkdqjhv lq djjuhjdwh dfwlylw|
duh h{foxvlyho| ghwhuplqhg e| wkh fkdqjhv lq h￿flhqf| krxuv1 Zkhq wkh wzr w|shv ri oderu duh shuihfw
vxevwlwxwhv/ krxuv lq h￿flhqf| xqlwv duh lqfuhdvlqj lq ￿ dv orqj dv $A41 Wkxv/ dq lq￿rz ri orz0vnloohg
djhqwv +d ghfuhdvh lq ￿, orzhuv shu0fdslwd rxwsxw/ lqyhvwphqw dqg frqvxpswlrq lq wkh orqj0uxq1 Wklv
h￿hfw rq h￿flhqf| krxuv lv vroho| ghwhuplqhg e| wkh h￿hfw rq kljk0vnloohg krxuv zklfk ghfuhdvh ehfdxvh
ri d srvlwlyh zhdowk h￿hfw1 Qdwlyh orz0vnloohg djhqwv duh xqd￿hfwhg e| pljudwlrqv lq wkh orqj0uxq ehfdxvh
wkh zdjh udwh lv frqvwdqw
45Zkhq wkh wzr w|shv ri oderu duh lpshuihfw vxevwlwxwhv wkhvh uhvxowv fuxfldoo| ghshqg rq wkh ydoxh ri
￿/ ￿ dqg $1 Lq wkh Dsshqgl{ zh vkrz wkh iroorzlqj uhvxowv1 Iluvw/ lqghshqghqwo| ri $ dqg wkh lqlwldo
vkduh ri vnloohg zrunhuv/ vnloohg krxuv duh lqfuhdvlqj lq ￿ iru ￿?4 dqg ghfuhdvlqj lq ￿ iru ￿A41 Wkxv/
zkhwkhu ru qrw vnloohg krxuv lqfuhdvh ru ghfuhdvh ghshqgv vroho| rq zkhwkhu wkh hodvwlflw| ri vxevwlwxwlrq
h{fhhgv 4 ru qrw1 Vhfrqg/ iru d vx￿flhqwo| kljk lqlwldo vkduh ri vnloohg zrunhuv/ krxuv lq h￿flhqf| xqlwv
lv ghfuhdvlqj lq ￿ iru doo ￿ ￿ 31 Li/ rq wkh rwkhu kdqg/ wkh lqlwldo vkduh ri vnloohg zrunhuv lv prghudwho|
orz/ krxuv lq h￿flhqf| xqlwv pd| eh ghfuhdvlqj lq ￿ dqg wklv lv pruh olnho| wkh orzhu lv wkh hodvwlflw| ri
vxevwlwxwlrq ehwzhhq wkh wzr w|shv ri oderu1 Iru vxfk fdvhv/ dq lq￿rz ri orz0vnloohg zrunhuv fdq lqfuhdvh
dfwlylw| ehfdxvh vnloohg zrunhuv lqfuhdvh wkhlu oderu vxsso|1
Lq wkh vwdqgdug fdvh +l1h1 iru vx￿flhqwo| kljk hodvwlflwlhv ri vxevwlwxwlrq dqg2ru kljk lqlwldo vkduhv ri
vnloohg zrunhuv, wkh vwhdg|0vwdwh fdslwdo vwrfn dqg rxwsxw shu fdslwd ghfuhdvh iroorzlqj dq lppljudwlrq
ri orz0vnloohg zrunhuv> kljk0vnloohg zrunhuv zrun ihzhu krxuv/ lqyhvw ohvv exw kdyh kljkhu lqfrph dqg
frqvxpswlrq +ehfdxvh fdslwdo lqfrph lv kljkhu,/ zkloh orz0vnloohg zrunhuv hduq orzhu lqfrph dqg frqvxph
ohvv lq wkh orqj0uxq ehfdxvh wkhlu uhodwlyh zdjh ghfolqhv1
Li wd{hv duh ydulhg lq uhvsrqvh wr pljudwlrqv/ wkh vwhdg|0vwdwh fdslwdo0rxwsxw udwlr lv dowhuhg vlqfh
pdujlqdo wd{hv glvwruw wkh dffxpxodwlrq ri fdslwdo1 Vlqfh dq lq￿rz ri orz0vnloohg zrunhuv lv olnho| wr eh
dvvrfldwhg zlwk dq lqfuhdvh lq wkh vl}h ri wkh zhoiduh vwdwh dqg wkxv lq ￿v/ wklv fuhdwhv dq dgglwlrqdo vrxufh




Zh fdoleudwh wkh prgho wr pdwfk dqqxdo gdwd dqg wu| wr xvh vwdqgdug sdudphwhu ydoxhv zkhqhyhu lw lv
srvvleoh1 Wkh ghsuhfldwlrq udwh lv vhw htxdo wr 43( dqg wkh uhdo lqwhuhvw udwh wr 7(1 Wkh sdudphwhu ￿
+wkh oderu vkduh ri lqfrph, lv vhw wr 97(1 Zh dovr dvvxph wkdw wkh srsxodwlrq jurzwk lv vwdwlrqdu| lq
wkh vwhdg|0vwdwh1 Iru prghudwh ydoxhv ri wkh lqfrph wd{ sdudphwhu wkhvh ydoxhv lpso| d fdslwdo0rxwsxw
udwlr forvh wr 5181 Zh dvvxph wkdw wkh wzr w|shv ri djhqwv kdyh lghqwlfdo xwlolw| ixqfwlrqv1 Zh vhw wkh
lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq wr 318/ dqg zh dovr dvvxph wkdw ￿ lv htxdo wr 3161 Wklv lpsolhv
wkdw orz0vnloohg zrunhuv xvh 63( ri wkhlu qrq0vohhslqj wlph rq pdunhw dfwlylwlhv1 Lq jhqhudo/ kljk0vnloohg
zrunhuv zloo qrw xvh 63( ri wkhlu wlph rq pdunhw dfwlylwlhv ehfdxvh wkh| duh pruh surgxfwlyh/ rzq wkh
fdslwdo vwrfn dqg idfh d gl￿huhqw wd{ udwh1
Wkh surgxfwlylw| gl￿huhqwldo $ lv d sdudphwhu iru zklfk zh kdyh ohvv lqirupdwlrq1 N|godqg +4<;7,
dqg Ulrv0Uxoo +4<<6, vxjjhvw d ydoxh ri 51 Khuh zh xvh $ @4 =6 lq rughu qrw wr h{djjhudwh wkh gl￿huhqfh
ehwzhhq wkh wzr w|shv ri zrunhuv vlqfh orz0vnloohg djhqwv krog qr fdslwdo1 Zh dvvxph wkdw wkh vkduh ri
46orz0vnloohg djhqwv lv 58(1 Wklv lv frqvlvwhqw zlwk rxu hvwlpdwhv ri orz0vnloohg djhqwv kroglqj qhjdwlyh ru
}hur zhdowk iurp wkh SVLG dqg lqirupdo fdofxodwlrqv shuiruphg rq vrph Hxurshdq frxqwulhv1
Ilqdoo|/ zh qhhg wr fdoleudwh wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq kljk dqg orz0vnloohg zrunhuv/ 4@￿1
Wkhuh duh pdq| hvwlpdwhv ri wklv sdudphwhu lq wkh olwhudwxuh ghshqglqj rq krz zrunhuv duh glylghg1 Wkh
forvhu fodvvl￿fdwlrq lv suredeo| wkh rqh ri Ehdq dqg Slvvdulghv +4<<4, zkr glylgh zrunhuv lqwr pdqxdo dqg
qrq0pdqxdo lq XN pdqxidfwxulqj lqgxvwulhv1 Wkhlu srlqw hvwlpdwhv ri wkh hodvwlflw| ri vxevwlwxwlrq ydu|
ehwzhhq 315 dqg 5 zlwk odujh vwdqgdug huuruv/ vr wkdw rqh fdq qrw uhmhfw wkh k|srwkhvlv wkdw lw lv htxdo
hlwkhu wr }hur ru wr rqh1 Ehfdxvh ri wklv odujh udqjh zh h{dplqh wzr fdvhv= rqh zkhuh wkh wzr w|shv ri
zrunhuv duh shuihfw vxevwlwxwhv +￿ @ 3, dqg dqrwkhu zkhuh wkhuh lv d prghudwh ghjuhh ri vxevwlwxwdelolw|
ehwzhhq wkh wzr w|shv ri oderu +￿ @3 =58,1
Dv d suholplqdu| h{huflvh zh kdyh vwxglhg krz wkh hfrqrp| dgmxvwv iroorzlqj dq xqh{shfwhg 4(
lqfuhdvh lq surgxfwlylw|1 Vlqfh wkh djjuhjdwh g|qdplfv duh yhu| vlplodu wr wkrvh rewdlqhg zlwk d uhsuh0
vhqwdwlyh djhqw exvlqhvv f|foh prgho dqg ehfdxvh wkhuh duh qr vxusulvhv dw glvdjjuhjdwhg ohyho hlwkhu/ zh
frq￿qh wkh glvfxvvlrq wr Dsshqgl{ E1
Lq zkdw iroorzv/ zh h{dplqh wkh g|qdplf dgmxvwphqw iroorzlqj d whpsrudu| exw shuvlvwhqw pljudwlrq
vkrfn zklfk fkdqjhv wkh frpsrvlwlrq ri wkh srsxodwlrq lq wkh vwhdg|0vwdwh iurp :8( wr :6(1Z hp r g h o
wkh hw dv dq dxwruhjuhvvlyh surfhvv hw @ #hhw￿4. w zkhuh  w lv l1l1g1 Q+3>￿ 5
 ,1 Zh vhw #h/ zklfk phdvxuhv
wkh shuvlvwhqfh ri wkh pljudwlrq surfhvv/ wr 319 vr wkdw fxuuhqw lq￿rzv vljqdo ixwxuh lq￿rzv ri wkh vdph
vljq1 Iljxuh 4 suhvhqwv wkh g|qdplfv zlwk shuihfwo| vxevwlwxwdeoh oderu dqg Iljxuh 5 wkh g|qdplfv zlwk
lpshuihfwo| vxevwlwxwdeoh oderu1 Edvholqh sdudphwhuv ydoxhv duh vxppdul}hg lq wkh wdeoh 41
Wdeoh 4= Edvholqh Sdudphwhuv
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Wkh uhvsrqvh ri djjuhjdwh yduldeohv lv vlplodu/ lq vrph uhvshfwv/ wr wkh dgmxvwphqwv eurxjkw derxw e|
d vxgghq glvuxswlrq ri wkh fdslwdo vwrfn1 Rq lpsdfw dq lq￿rz ri oderu ghfuhdvhv wkh fdslwdo0oderu
udwlr +phdvxuhg lq h￿flhqf| xqlwv, dqg wklv fdxvhv wkh lqwhuhvw udwh wr lqfuhdvh dqg wkh zdjh udwh wr
ghfuhdvh1 Vlqfh wkh uhwxuq wr fdslwdo lv kljk/ lqyhvwphqwv dqg wkh djjuhjdwh fdslwdo vwrfn lqfuhdvh/
djjuhjdwh frqvxpswlrq ghfuhdvhv dqg kljk0vnloohg djhqwv zrun pruh dqg orzhu wkhlu frqvxpswlrq lq
rughu wr uhexlog wkh fdslwdo vwrfn1 Rxwsxw +shu0fdslwd, ghfuhdvhv rq lpsdfw ehfdxvh wkh ulvh lq vnloohg
47krxuv lv qrw vx￿flhqw wr frxqwhudfw wkh ghfuhdvh lq wkh fdslwdo0oderu udwlr1
Ryhu wkh dgmxvwphqw sdwk/ wkh zdjh shu h￿flhqf| xqlw ghfuhdvhv +ehfdxvh ri wkh lqlwldo gurs lq wkh
fdslwdo0oderu udwlr, dqg wkhq uhwxuqv wr lwv ruljlqdo vwhdg|0vwdwh ydoxh dqg wkh lqwhuhvw udwh lqfuhdvhv dqg
wkhq uhwxuqv wr wkh lqlwldo ohyho lq wkh orqj0uxq iurp deryh1 Wkh surfhvv lv uhodwlyho| vorz zlwk vljql￿fdqw
dgmxvwphqwv vwloo wdnlqj sodfh whq |hduv diwhu wkh vkrfn1 Wkh gl￿huhqwldo ehkdylru ri wkh uhqwdo udwhv ri
wkh wzr idfwruv ri surgxfwlrq lqgxfhv d vxevwdqwldo uhglvwulexwlrq ri lqfrph dfurvv fodvvhv ri djhqwv ryhu
wkh dgmxvwphqw sdwk1 Lq idfw/ vlqfh wkh zdjh udwh ri dq h￿flhqf| xqlw ri oderu gursv/ orz0vnloohg zrunhuv*
lqfrph dqg frqvxpswlrq ghfolqh1 Dovr/ ehfdxvh wkh hfrqrp| dwwhpswv wr uhfrqvwuxfw wkh +shu0fdslwd,
fdslwdo vwrfn/ frqvxpswlrq ri kljk0vnloohg gursv pruh wkdq wkdw ri orz0vnloohg djhqwv dqg ulvhv deryh wkh
suh0pljudwlrq ohyho diwhu 49 |hduv1
Ryhudoo/ wkhuh duh wzr kljko| lqwhuwzlqhg h￿hfwv iroorzlqj d pljudwlrq ri orz0vnloohg zrunhuv1 Iluvw/
wkhuh lv uhglvwulexwlrq ryhu wkh exvlqhvv f|foh zlwk kroghuv ri fdslwdo ehqh￿wwlqj dqg zrunhuv ehlqj
zruvh r￿ dv frpshwlwlrq iurp wkh pljudqwv ghfuhdvhv wkh zdjh udwh1 Vhfrqg/ wkhuh lv d vwurqj zhdowk
h￿hfw lq wkh orqj0uxq vlqfh kljk0vnloohg zrunhuv/ zklfk duh qrz d vpdoohu iudfwlrq ri wkh srsxodwlrq/
shupdqhqwo| rzq pruh fdslwdo shu khdg1 Wklv pdnhv wkhlu lqfrph dqg frqvxpswlrq shupdqhqwo| kljkhu
dqg wkhlu krxuv shupdqhqwo| orzhu vlqfh wkh uhodwlyh dexqgdqfh ri orz0vnloohg oderu/ frpelqhg zlwk wkhlu
zloolqjqhvv wr zrun pruh/ uhvxowv lq vxevwlwxwlrq iurp kljk0vnloohg wr orz0vnloohg oderu lq surgxfwlrq1
Khqfh/ xqdpeljxrxvo|/ pljudwlrqv ri orz0vnloohg djhqwv zloo eh hqfrxudjhg e| wkrvh vhfwruv ri wkh hfrqrp|
zklfk rzq fdslwdo dqg2ru duh kljko| surgxfwlyh1
Wkh prgho ri Dpeohu dqg Sdtxhw +4<<7, zlwk vwrfkdvwlf fdslwdo ghsuhfldwlrq dovr jhqhudwhv uhvsrqvhv
zklfk duh txdolwdwlyho| vlplodu wr rxu*v ryhu wkh exvlqhvv f|foh1 Wzr gl￿huhqfhv/ krzhyhu/ fdq eh qrwhg1
Iluvw/ d whpsrudu| glvwxuedqfh wr wkh ghsuhfldwlrq udwh ri fdslwdo grhv qrw fkdqjh wkh vwhdg|0vwdwh ri
wkh hfrqrp| vr qrqh ri wkh orqj0uxq h￿hfwv zh ghvfuleh duh suhvhqw lq wkhlu sdshu1 Vhfrqg/ rxu prgho
lq wkh shuihfwo| vxevwlwxwdeoh fdvh fdq dovr eh lqwhusuhwhg dv rqh zlwk vwrfkdvwlf ghsuhfldwlrq zlwk wkh
pdlq gl￿huhqfh ehlqj wkdw qrz wkhuh lv d vwrfkdvwlf dgmxvwphqw frvw wr lqyhvwphqw dv zhoo1 Ehfdxvh
vxfk dgmxvwphqw frvw lv vwrfkdvwlf dqg frxqwhuf|folfdo/ wkh uhvsrqvhv ri lqyhvwphqw dqg rxwsxw iroorzlqj










Wkh g|qdplfv ri djjuhjdwh yduldeohv zkhq oderu lv lpshuihfw vxevwlwxwdeoh lq surgxfwlrq duh qrw vxevwdq0
wldoo| dowhuhg1 Txdqwlwdwlyho|/ rqo| lqyhvwphqw vkrzv d vl}deoh fkdqjh zlwk wkh lpsdfw lqfuhdvh qrz ehlqj
48vpdoohu1 Dv phqwlrqhg/ zlwk vx￿flhqwo| orz vxevwlwxwdelolw| ehwzhhq wkh wzr w|shv ri oderu/ wkh uhod0
wlrqvkls ehwzhhq krxuv lq h￿flhqf| xqlwv dqg ￿w fdq fkdqjh vljq dqg wklv lqghhg kdsshqv khuh> orqj0uxq
rxwsxw/ lqyhvwphqwv dqg wkh fdslwdo vwrfn qrz hqgv xs ehlqj voljkwo| kljkhu wkdq lq wkh ruljlqdo vwhdg|
vwdwh1
Wkh pdmru gl￿huhqfh ehwzhhq shuihfw dqg lpshuihfw vxevwlwxwdeoh oderu lv wkdw qrz wkhuh lv d zhgjh
ehwzhhq kljk dqg orz0vnloohg zdjhv1 Wkh uhdvrq iru wklv lv fohdu= xqohvv kljk0vnloohg djhqwv lqfuhdvh wkhlu
oderu vxsso| vxevwdqwldoo|/ dq lq￿rz ri orz0vnloohg djhqwv pxvw lqfuhdvh wkh uhodwlyh zdjh ri kljk0vnloohg
djhqwv1 Zkhwkhu wklv dovr ohdgv wr dq devroxwh lqfuhdvh lq kljk0vnloohg zdjhv ghshqgv rq wkh h{dfw ydoxh
ri/ dprqj rwkhu sdudphwhuv/ wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh wzr w|shv ri oderu1 Lq wkh fdvh ri
Iljxuh 5/ wkh devroxwh zdjh ri kljk0vnloohg zdjhv vwloo ghfuhdvh rq lpsdfw +exw lqfuhdvh lq wkh orqj0uxq,1
Iru orzhu hodvwlflwlhv kljk0vnloohg zdjhv pd| lqfuhdvh rq lpsdfw1
Ryhu wkh exvlqhvv f|foh/ wkh zdjh jds ehwzhhq kljk dqg orz0vnloohg djhqwv lqfuhdvhv dqg wklv surgxfhv
dq h{wud vrxufh ri lqfrph wudqvihuv1 Wkh uhglvwulexwlrq iurp orz wr kljk0vnloohg djhqwv lv vxevwdqwldo
ehfdxvh lw rffxuv lq frqmxqfwlrq zlwk wkh uhglvwulexwlrq iurp oderu wr fdslwdo zh kdyh suhylrxvo| glvfxvvhg/
pdnlqj orz0vnloohg djhqwv pxfk zruvh r￿1 Ixuwkhupruh/ vxfk uhglvwulexwlrq qrz wdnhv sodfh qrw rqo| lq
wkh vkruw0uxq exw dovr lq wkh orqj0uxq vlqfh orz0vnloohg +kljk0vnloohg, zdjhv zloo eh shupdqhqwo| ehorz
+deryh, wkhlu lqlwldo ohyho1 Wkxv/ orz0vnloohg frqvxpswlrq ghfuhdvhv pruh wkdq lq wkh suhylrxv fdvh zkloh
kljk0vnloohg frqvxpswlrq ulvhv deryh wkh lqlwldo ohyho pxfk idvwhu dqg lqfuhdvhv pruh lq wkh orqj0uxq1
Lq frqfoxvlrq/ zkloh lq wkh fdvh ri shuihfw vxevwlwxwlrq wkhuh lv d uhglvwulexwlrq ri lqfrph ehwzhhq zdjh
hduqhuv dqg fdslwdo rzqhuv/ dv wkh uhdo udwh lqfuhdvhv zkloh wkh zdjh udwh ghfolqhv/ khuh wkhuh zloo dovr
eh uhglvwulexwlrq ehwzhhq orz dqg kljk0vnloohg zdjh hduqhuv1 Qrwlfh wkdw ehfdxvh zdjh h￿hfwv grplqdwh
lq pdjqlwxgh uhodwlyh fkdqjhv lq wkh sulfh ri fdslwdo dqg oderu erwk ryhu wkh exvlqhvv f|foh dqg lq wkh






Vr idu zh kdyh frqvlghuhg shuvlvwhqw pljudwlrq ￿rzv/ l1h1 d srvlwlyh lq￿rz wklv |hdu vljqdov srvlwlyh
lq￿rzv qh{w |hdu1 Qh{w/ zh frqvlghu wkh fdvh ri pljudwlrqv zlwk orz shuvlvwhqfh +#h @3 =4,/ zklfk ohdg
wr d 5( orqj0uxq fkdqjh lq wkh frpsrvlwlrq ri wkh srsxodwlrq +dv lq wkh suhylrxv fdvhv,1 Ehfdxvh ri wkh
zd| zh kdyh ghvljqhg wkh h{shulphqw/ orqj0uxq h￿hfwv duh lghqwlfdo wr wkh suhylrxv fdvhv dqg rqo| wkh
f|folfdo surshuwlhv ri wkh prgho zloo eh d￿hfwhg1 Dovr/ frpsdulqj wkh rxwfrphv ri wklv h{shulphqw zlwk
wkh suhylrxv rqhv pd| vxjjhvw d udwlrqdoh iru fkrrvlqj judgxdo yv1 rqfh dqg0iru0doo pljudwlrq vfkhphv1
Wkh uhvxowv iru wklv h{shulphqw duh suhvhqwhg lq Iljxuh 6 iru erwk wkh fdvh ￿ @ 3 dqg ￿ @3 =581
49Lq jhqhudo/ zkhq shuvlvwhqfh lv orz/ wkh uhdfwlrq ri wkh hfrqrp| zloo eh uhgxfhg/ vlqfh wkh lqirupdwlrqdo
frqwhqw ri wkh vkrfn lv vpdoohu1 Lq sduwlfxodu/ lq wkh fdvh ri shuihfw vxevwlwxwdeoh oderu lqyhvwphqw shu0
fdslwd dqg krxuv lq h￿flhqf| xqlwv zloo lqfuhdvh ohvv vr wkdw rxwsxw shu0fdslwd zloo ghfolqh pruh1 Lq wkh
fdvh ri lpshuihfw vxevwlwxwdeoh oderu/ wkh zdjh jds ehwzhhq wkh wzr w|shv ri oderu zloo eh vpdoohu erwk
rq lpsdfw dqg ryhu wkh exvlqhvv f|foh vr wkdw wkh h￿hfwv zh kdyh ghvfulehg lq wkh suhylrxv vxevhfwlrqv
zloo eh dwwhqxdwhg1 Rqh lqwhuhvwlqj ihdwxuh ri wkh uhvsrqvhv lv wkdw wkh lqyhvwphqw lqfuhdvhv pruh lq wkh
fdvh ri lpshuihfw vxevwlwxwhv wkdq lq wkh fdvh ri shuihfw vxevwlwxwhv/ zkloh zlwk pruh shuvlvwhqw vkrfnv
wkh rssrvlwh zdv wuxh1
Lq hvvhqfh/ wkh exvlqhvv f|foh2uhglvwulexwlrq frqvhtxhqfhv duh pdjql￿hg zkhq pljudwlrq ￿rzv duh






Zh qh{w frqvlghu wudqvlhqw pljudwlrqv/ lq wkh vhqvh wkdw diwhu wkh lqlwldo vkrfn wkhuh zloo eh d vkrfn ri
vlplodu ru vpdoohu pdjqlwxgh lq wkh rssrvlwh gluhfwlrq1 Ehfdxvh ri rxu prghoolqj vwudwhj|/ zh fdq qrw
frqvlghu wkh pruh lqwhuhvwlqj fdvh ri d sxuho| whpsrudu| fkdqjh lq wkh frpsrvlwlrq ri wkh srsxodwlrq +vr
wkdw wkh lqlwldo dqg wkh ￿qdo vwhdg| vwdwh vkduhv ri kljk0vnloohg djhqwv duh wkh vdph,1 Krzhyhu/ wkh fkrvhq
h{shulphqw uhsuhvhqwv wkh forvhvw dssur{lpdwlrq zh fdq frqvwuxfw xvlqj d olqhdu DU uhsuhvhqwdwlrq iru




dqg dvvxph wkdw #4
h @ ￿3=6/ #5
h @3 =581 Ixuwkhupruh/ wkh lqlwldo vkrfn lv dvvxphg wr eh ri wkh vdph
vl}h dv lq wkh edvholqh fdvh1 Zlwk wkh deryh surfhvv wklv uhgxfhv wkh orqj0uxq vkduh ri kljk0vnloohg djhqwv
iurp :8( wr :7157(1
Lpsxovh uhvsrqvhv iru wklv h{shulphqw duh suhvhqwhg lq Iljxuh 71 Dv h{shfwhg/ jlyhq wkdw wkh frpsr0
vlwlrqdo h￿hfw lv vpdoohu/ orqj0uxq fkdqjhv duh vpdoohu erwk lq wkh shuihfw dqg wkh lpshuihfw vxevwlwxwdeoh
fdvhv1 Ryhu wkh exvlqhvv f|foh wkh pdjqlwxgh ri wkh uhvsrqvhv ri djjuhjdwh dqg vhfwruldo yduldeohv lv
vpdoohu uhodwlyh wr wkh wzr edvholqh fdvhv1 Wklv lv wr eh h{shfwhg dv fkdqjhv lq wkh srsxodwlrq +dqg lq
wkh vkduh ri vnloohg djhqwv lq wkh hfrqrp|, wklv |hdu duh nqrzq wr eh iroorzhg e| fkdqjhv qh{w |hdu lq
wkh rssrvlwh gluhfwlrq1
Khqfh/ zkhq pljudwlrqv duh wudqvlhqw/ wkh| zloo lqgxfh ohvv f|folfdo ehkdylru lq shu0fdslwd djjuhjdwhv






Ilqdoo|/ zh wxuq dwwhqwlrq wr wkh fdvh ri pljudqwv zklfk duh pruh vnloohg wkdq wkh dyhudjh qdwlyh1 Wklv
h{shulphqw lv lqwhuhvwlqj ehfdxvh vrph frxqwulhv +h1j1 Dxvwudold ru Fdqdgd, kdyh dgrswhg lppljudwlrqv
srolflhv zkhuh wkh hgxfdwlrqdo ohyho ri srwhqwldo pljudqwv lv xvhg dv vfuhhqlqj ghylfh wr olplw wkh ￿rz ri
qhzfrphuv1 Pruhryhu/ vxfk dq h{huflvh pd| surylgh lqglfdwlrqv rq zkhwkhu wklv srolf|/ zklfk lv fohduo|
ehqh￿fldo lq wkh orqj0uxq/ kdv dovr lpsruwdqw srvlwlyh h￿hfwv ryhu wkh exvlqhvv f|foh1
Wr prgho kljk0vnloohg pljudwlrqv zh dvvxph wkdw wkh jurzwk udwh ri orz0vnloohg djhqwv lv qrz frqvwdqw
dqg ohw jv
w @+ 4.hw,jx1 Wklv lv qrw qhfhvvdulo| wkh v|pphwulf htxlydohqw ri d gurs lq wkh orz0vnloohg
sruwlrq ri wkh srsxodwlrq vlqfh kljk0vnloohg pljudqwv fduu| fdslwdo zlwk wkhp1 Wr pdnh wkh dqdo|vlv
wudfwdeoh zh dvvxph +l, hw lv d llg vkrfn dqg +ll, wkh shu0fdslwd fdslwdo vwrfn pljudqwv fduu| lv wkh vdph
dv wkh shu0fdslwd fdslwdo vwrfn ri qdwlyh kljk0vnloohg zrunhuv1 Kdg zh qrw pdgh wkhvh dvvxpswlrqv/ zh
zrxog hqg xs kdylqj dq xqerxqg qxpehu ri w|shv ri djhqwv lq wkh hfrqrp| +glvwlqjxlvkhg e| wkhlu dvvhw
kroglqjv dw hdfk srlqw lq wlph, dqg zh zrxog qrw eh deoh wr dqdo|}h wklv fdvh zlwklq wkh frqwh{w ri wkh
prgho zh duh frqvlghulqj61 Rqfh wkhvh dvvxpswlrqv duh pdgh/ wkh lpsxovh uhvsrqvhv duh txdolwdwlyho| wkh
vdph dv wkrvh zh suhvhqwhg lq ￿jxuhv 4 dqg 5 h{fhsw wkdw qrz wkhuh lv d vljq fkdqjh lq doo wkh uhvsrqvhv71
Khqfh/ dq lq￿rz ri kljk0vnloohg djhqwv lqfuhdvhv +ghfuhdvh, dfwlylw| lq wkh orqj0uxq zkhq wkh wzr w|shv
ri oderu duh shuihfw vxevwlwxwhv +lpshuihfw vxevwlwxwhv iru orz hqrxjk vxevwlwxwdelolw|, vxevwlwxwhv1Lq wkh
vkruw0uxq vxfk d pljudwlrq zloo ghfuhdvh lqyhvwphqwv dqg lqwhuhvw udwhv dqg lqfuhdvh wkh zdjh udwh1 Wkxv/
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Lq wkh suhylrxv vhfwlrq zh kdyh vhhq wkdw d whpsrudu| lq￿rz ri orz0vnloohg djhqwv surgxfhv d uhglvwulex0
wlrq ri lqfrph iurp orz0vnloohg qdwlyhv wr kljk0vnloohg2fdslwdo kroghuv/ pdnlqj wkhp vxevwdqwldoo| ehwwhu
r￿ ryhu wkh exvlqhvv f|foh1 Lw lv wkhuhiruh frqfhlydeoh wr wklqn ri wudqvihu uxohv zklfk dwwhpsw wr olplw wkh
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4;gdpdjhv wr orz0vnloohg djhqwv/ zkloh pdlqwdlqlqj vrph ri wkh jdlqv iru wkh kljk0vnloohg2fdslwdo kroghuv1
Khuh zh frqvlghu wkh h￿hfwv ri pljudwlrq glvwxuedqfhv zkhq wkhuh lv jryhuqphqw zklfk hlwkhu sdvvlyho|
ru dfwlyho| sxuvxhv uhglvwulexwlyh srolflhv1 Lq doo fdvhv zh dvvxph wkdw wkh srolf| lv h{rjhqrxv1 Wklv
dvvxpswlrq lv pdgh lq rughu wr vlpsoli| wkh dqdo|vlv exw lw zrxog eh ihdvleoh wr hqgrjhql}h lw/ iru h{0
dpsoh wkurxjk yrwlqj rq uhglvwulexwlrq srolflhv1 Iru rxu sxusrvhv/ krzhyhu/ lw vhhpv qdwxudo wr frqvlghu
h{rjhqrxv srolflhv vlqfh zh frqvlghu pdujlqdo fkdqjhv lq wkh srsxodwlrq frpsrvlwlrq1
Zh frqvlghu wkuhh gl￿huhqw vfkhphv=
￿ d sdvvlyh uxoh +SU, lq zklfk wkh lqfrph wd{ udwh lv wdnhq sdudphwulfdoo|>
￿ dq hjdolwduldq uxoh +HU,/ zkhuh wkh lqfrph wd{ udwh rq kljk0vnloohg zrunhuv lv fkrvhq vr dv wr nhhs
wkh udwlr ri lqfrph ri kljk wr orz0vnloohg djhqwv frqvwdqw>
￿ dq lqvxudqfh uxoh +LU, zkhuh wkh jryhuqphqw lqvxuhv wkh frqvxpswlrq ri orz0vnloohg djhqwv iurp
dq| w|sh ri ￿xfwxdwlrqv1
Xqghu SU/ wkh jryhuqphqw vhwv ￿v
w @ ￿v> ;w/ dqg ydulhv ￿w shulrg0e|0shulrg vr dv wr vdwlvi| wkh
jryhuqphqw exgjhw frqvwudlqw/ +43,1 Lq wkh HU0v|vwhp/ lw fkrrvhv wkh lqfrph wd{ udwh rq kljk0vnloohg
djhqwv +￿v
w , dqg wkh wudqvihu udwh +￿w, wr vdwlvi| lwv exgjhw frqvwudlqw dqg wr wdujhw d jlyhq uhodwlyh lqfrph
gl￿huhqfh ehwzhhq wkh wzr jurxsv ri djhqwv/ l1h1=
+4 ￿ ￿v
w ,|v
w @ ￿ +4 ￿ +￿v
w ￿ ￿w,,|x
w +4:,
zkhuh ￿ lv wkh zhgjh ehwzhhq wkh diwhu0wd{ lqfrph ri wkh wzr w|shv ri djhqwv1
Xqghu LU/ wd{hv dqg wudqvihuv duh fkrvhq wr vdwlvi| wkh jryhuqphqw exgjhw frqvwudlqw dqg wr pdnh=
+4 ￿ +￿v
w ￿ ￿w,,|x
w @ |x +4;,
zkhuh ￿ |x lv d frqvwdqw1
Wkh uhdvrq iru vwxg|lqj wkhvh uxohv lv vlpsoh1 Wkh ￿uvw lv fkrvhq dv ehqfkpdun= zh zrxog olnh wr
nqrz krz wkh uhvsrqvhv ri hqgrjhqrxv yduldeohv gl￿hu iurp wkrvh suhylrxvo| ghvfulehg zkhq d jryhuqphqw/
zlwkrxw dq h{solflw remhfwlyh ixqfwlrq/ lv suhvhqw lq wkh hfrqrp|1 Wkh vhfrqg uxoh lv frpprq erwk lq
wkhruhwlfdo vwxglhv h{dplqlqj wkh vwdwlf h￿hfwv ri pljudwlrq +vhh Ud}lq dqg Vdgnd +4<<8,, dqg lq wkh uhdo
zruog +h1j1 lq Fdqdgd ru wkh Vfdqglqdyldq frxqwulhv,1 Hjdolwduldq uxohv dovr wxuq rxw wr eh vx￿flhqwo|
srsxodu dv uhglvwulexwlyh wrrov lq vwdqgdug prghov ri sxeolf ￿qdqfh +vhh h1j1 Dxhuedfk dqg Nrwolnr￿
+4<;:,, wr judqw wkhp d sduwlfxodu vwdwxv lq rxu vwxg|1 Wkh wklug uxoh kdv ehhq ghvljqhg nhhslqj lq
plqg erwk wkh vwuxfwxuh ri wkh prgho/ zkhuh orz0vnloohg djhqwv duh xqdeoh wr lqvxuh lqfrph ￿xfwxdwlrqv/
dqg vrph frqfhuqv ri Hxurshdq srolf| pdnhuv/ zkr iruhvhh wkh surylvlrq ri sxeolf lqvxudqfh ryhu wkh
exvlqhvv f|foh dv d ixwxuh wdvn iru d Hxurshdq ￿vfdo xqlw +vhh h1j1 Sdgrd0Vfklrssd +4<;:,,1 Qrwh wkdw
4<wkh vhfrqg uxoh doorzv iru ￿xfwxdwlrqv lq orz0vnloohg zrunhuv* lqfrph ryhu wkh exvlqhvv f|foh dv orqj dv
wkh| duh sursruwlrqdo wr kljk0vnloohg lqfrph/ zkloh wklv lv qrw shuplwwhg zlwk wkh LU uxoh1
Zh dvvxph wkdw ehiruh wkh h{shulphqwv wdnh sodfh wkh lqfrph wd{ udwh rq vnloohg djhqwv lv 8(/ d
qxpehu forvh wr wkrvh revhuyhg lq pdq| frxqwulhv rqfh lw lv wdnhq lqwr dffrxqw wkdw wkh wd{ udwh lq rxu
prgho uhodwhv rqo| wr wkh sduwv ri wkh jryhuqphqw exgjhw dvvrfldwhg zlwk uhglvwulexwlrq1 Wr vdyh vsdfh
zh frqfhqwudwh rq wkh fdvh ￿ @ 31 Vlqfh zkhq ￿A3 wkh uhglvwulexwlyh h￿hfwv ri d pljudwlrq glvwxuedqfh
djdlqvw orz0vnloohg djhqwv duh h{dvshudwhg/ wkh txdolwdwlyh ihdwxuhv ri wkh g|qdplfv zloo eh vlplodu wr
wkrvh ghvfulehg khuh/ exw wkh txdqwlwdwlyh fkdqjhv zrxog eh pruh gudpdwlf1
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Wkh lpsxovh uhvsrqvhv rewdlqhg xqghu wkh SU uxoh duh suhvhqwhg lq Iljxuh 81
Ryhudoo/ wkhuh duh qr pdmru txdolwdwlyh fkdqjhv lq wkh uhvsrqvhv ri djjuhjdwh yduldeohv uhodwlyh wr wkh
edvholqh fdvh1 Wkh uhdvrq lv wkdw zkhq ￿v
w lv frqvwdqw ryhu wkh f|foh kljk0vnloohg djhqwv ehkdyh dv lq wkh
fdvh zkhuh wkh wd{ udwh lv }hur +h{fhsw iru wkh fkdqjh lq wkh hodvwlflwlhv eurxjkw derxw e| wkh dvvrfldwhg
fkdqjh lq wkh fdslwdo0rxwsxw udwlr,1 Khqfh/ wkhlu ghflvlrqv duh xqfkdqjhg uhodwlyh wr wkh edvholqh prgho1
Wkh pdmru gl￿huhqfh uhodwlyh wr wkh lpsxovh uhvsrqvhv ri Iljxuh 4 lv suhvhqw lq wkh frqvhtxhqfhv
iru wkh orz0vnloohg djhqwv1 Ehfdxvh wkh wd{ udwh rq kljk0vnloohg zrunhuv lv frqvwdqw dqg wkh qxpehu ri
orz0vnloohg zrunhuv lqfuhdvhv/ lw iroorzv wkdw wkh wudqvihuv wr wkh orz0vnloohg zrunhuv ghfuhdvh1 Wklv lv
fohdu iurp wkh g|qdplfv ri ￿w zklfk qrw rqo| ghfolqhv/ exw lw lv qhjdwlyh/ lpso|lqj kljkhu wd{dwlrq iru
orz0vnloohg1 Khqfh orz0vnloohg frqvxpswlrq ghfolqhv ryhu wkh exvlqhvv f|foh pdnlqj wkhp zruvh r￿ wkdq
lq wkh edvholqh fdvh1
Wkxv/ wklv wd{ vfkhph lv qrw deoh wr lqvxuh orz0vnloohg djhqwv iurp wkh frqvhtxhqfhv ri d pljudwlrq ri
orz0vnloohg zrunhuv1 Rq wkh frqwudu|/ zkhq d sdvvlyh wd{ uxoh lv lq sodfh/ orz0vnloohg zrunhuv duh shqdol}hg
lq wzr zd|v e| wkh h{lvwhqfh ri pljudwlrqv1 Iluvw/ frpshwlwlrq lq wkh oderu pdunhw fdxvhv d ghfolqh lq
wkhlu zdjh/ lqfrph dqg frqvxpswlrq1 Vhfrqg/ ehfdxvh wkh dprxqw wkdw kljk0vnloohg zrunhuv frqwulexwh
wr wkh zhoiduh v|vwhp vkulqnv dqg wkh vkduh ri orz0vnloohg zrunhuv lqfuhdvhv/ orz0vnloohg djhqwv duh wd{hg
pruh khdylo| wr pdnh xs iru wkh orvv ri jryhuqphqw uhyhqxh dqg wkh odujhu qxpehu ri djhqwv zklfk duh




Lq wklv h{huflvh zh wuhdw ￿ dv d sdudphwhu dqg wkh ehqfkpdun ydoxh fruuhvsrqgv wr wkh ydoxh lpsolhg e|
d 8( lqfrph wd{ udwh rq kljk0vnloohg djhqwv1 Jlyhq rwkhu sdudphwhuv/ wklv lpsolhv wkdw wkh orz0nloohg
53diwhu0wd{ lqfrph lv 64( ri wkh diwhu wd{ lqfrph ri wkh kljk0vnloohg ehiruh dq| vkrfn wdnhv sodfh81 Wkh
lpsxovh uhvsrqvhv iroorzlqj d pljudwlrq glvwxuedqfh dsshdu lq Iljxuh 91
Wkh prvw lpsruwdqw fkdqjh lq shu0fdslwd yduldeohv uhodwlyh wr wkh edvholqh fdvh rffxuv ehfdxvh wkh
pdujlqdo wd{ udwh rq kljk0vnloohg djhqwv lqfuhdvhv vxevwdqwldoo| dv wkhlu ehiruh0wd{ lqfrph lqfuhdvhv1
Kljkhu lqfrph wd{hv glvfrxudjh lqyhvwphqwv erwk rq lpsdfw dqg ryhu wkh exvlqhvv f|foh dqg wklv ohdgv
wr d pruh surqrxqfhg qhjdwlyh orqj0uxq h￿hfw rq rxwsxw/ lqyhvwphqw dqg wkh fdslwdo vwrfn1
Dw wkh vhfwruldo ohyho/ wkh fkdqjhv uhodwlyh wr wkh wzr suhylrxv fdvhv duh vxevwdqwldo1 Ehfdxvh dq
lq￿rz ri orz0vnloohg pljudqwv shupdqhqwo| dowhuv wkh lqfrph glvwulexwlrq lq idyru ri fdslwdo kroghuv/ wkh
jryhuqphqw zloo wd{ kljk0vnloohg zrunhuv2fdslwdo rzqhuv pruh khdylo|1 Wklv lpsolhv wkdw wkhlu frqvxpswlrq
ghfuhdvhv rq lpsdfw dqg zloo eh shuvlvwhqwo| orzhu ryhu wkh exvlqhvv f|foh1 Wkh kljkhu wd{ udwh rq kljk0
vnloohg djhqwv dovr lpsolhv wkdw wkh srro ri uhyhqxhv dydlodeoh iru uhglvwulexwlrq lqfuhdvhv dqg wklv kdv
ehqh￿fldo h￿hfwv rq orz0vnloohg frqvxpswlrq rq lpsdfw1 Krzhyhu/ wklv idyrudeoh rffxuuhqfh lv sduwo| gxh
wr wkh lqfuhdvh lq kljk0vnloohg oderu vxsso| dqg ryhu wkh exvlqhvv f|foh orz0vnloohg frqvxpswlrq ghfuhdvhv
exw e| pxfk ohvv wkdq lq wkh suhylrxv fdvh1 Ixuwkhupruh/ wkh lqfuhdvh lq wd{hv dgyhuvho| d￿hfw kljk0vnloohg
lqfrph dqg wklv olplwv wkh dprxqw ri uhglvwulexwlrq wkdw wkh zhoiduh vwdwh fdq hqjdjh lq1 Orz0vnloohg
djhqwv zloo wkhuhiruh dovr ehdu kljkhu wd{ udwhv gxulqj wkh dgmxvwphqw wr wkh qhz vwhdg| vwdwh dqg wklv
frpelqhg zlwk d orzhu zdjh lpsolhv wkdw wkhlu frqvxpswlrq zloo eh orzhu wkdq lq wkh wzr suhylrxv fdvhv1
Ehfdxvh wkh frpsrvlwlrq ri wkh srsxodwlrq kdv shupdqhqwo| fkdqjhg/ wd{ udwhv rq erwk w|shv ri djhqwv
zloo shupdqhqwo| lqfuhdvh lq wkh orqj0uxq1
Lq vxp/ wklv uhglvwulexwlrq vfkhph kdv lpsruwdqw vlgh h￿hfwv lq wkh suhvhqfh ri pljudwlrqv1 Zlwk
lq￿rz ri orz0vnloohg djhqwv/ wkh _vl}h% ri wkh zhoiduh vwdwh lqfuhdvhv dqg vnloohg djhqwv/ zklfk duh d
vpdoohu iudfwlrq ri wkh srsxodwlrq/ frqwulexwh d odujhu shufhqwdjh ri wrwdo jryhuqphqw uhyhqxhv1 Ehfdxvh
wkh| duh wd{hg pruh khdylo| wkh| frqwudfw lqyhvwphqwv dqg wklv lq wxuq jhqhudwhv d uhgxfwlrq ri shu0fdslwd
lqfrph wkdw h{fhhgv wkdw revhuyhg lq wkh wzr suhylrxv fdvhv1 Qrwlfh wkdw wklv rffxuv ghvslwh wkh idfw
wkdw wkh diwhu wd{ uhdo udwh ri lqwhuhvw lv srvlwlyh ryhu wkh exvlqhvv f|foh1 Wkxv/ wklv wd{ v|vwhp h￿hfwlyho|
vkliwv wkh frvwv iurp orz0vnloohg wr kljk0vnloohg djhqwv1
D‘i ￿@￿i @*tL i Tih￿4i?|i_ ￿￿|￿ @ ti|￿￿T ￿￿ihi # ￿t @ _i|ih4￿?￿t|￿U u￿?U|￿L? Lu ￿|￿ A￿￿t 4￿}￿| Mi hi*i￿@?| ￿? |ih4t
Lu TL*￿|￿U@* iUL?L4) M@ti_ _i|ih4￿?@|￿L? Lu hi_￿t|h￿M￿|￿L?￿ A￿i _)?@4￿Ut }i?ih@|i_ ￿? |￿￿t ti|￿￿T @hi ^￿@*￿|@|￿￿i*) t￿4￿*@h
|L |￿Lti LM|@￿?i_ ￿￿|￿ T@h@4i|h￿U |@ h￿*it M￿| |￿i igiU|t @hi 4@}?￿￿i_c T@h|￿U￿*@h*) ￿? |￿i U@ti Lu @ 4￿}h@|￿L? t￿LU!￿
‘i _L ?L| hiTLh| |￿￿t U@ti MiU@￿ti t￿U￿ igiU|t @hi *￿!i*) |L |@!i T*@Ui L￿ih *L?}ih ￿Lh￿3L?t |￿@? |￿Lti |￿@| ￿i @hi 4@￿?*)
UL?Uih?i_ ￿￿|￿￿
54'$ 	 - 
Wkh lpsxovh uhvsrqvhv ri wkh yduldeohv iroorzlqj d pljudwlrq glvwxuedqfh duh suhvhqwhg lq Iljxuh :1 Lq
jhqhudo/ wkh djjuhjdwh g|qdplfv iroorzlqj d orz0vnloohg pljudwlrq vkrfn duh vlplodu wr wkrvh rewdlqhg
zlwk dq hjdolwduldq wd{ uxoh1
Wkh uhvsrqvhv ri vhfwruldo yduldeohv duh pruh gudpdwlf ehfdxvh ri wkh dvvrfldwhg wd{ h￿hfwv= dq lq￿rz
ri orz0vnloohg djhqwv ohdgv wr kljkhu pdujlqdo wd{ udwhv rq kljk0vnloohg djhqwv dqg wklv h￿hfw lv qrz
vwurqjhu wkdq ehiruh1 Khqfh/ lqyhvwphqwv zloo eh glvfrxudjhg dqg wkh qhjdwlyh h￿hfw rq wkh orqj0uxq
fdslwdo vwrfn lv odujh1 Wklv surfhvv lv vrphzkdw vhoi0hqiruflqj= wd{ udwhv pxvw lqfuhdvh dorqj wkh exvlqhvv
f|foh ehfdxvh ri wkh qhjdwlyh h￿hfw wkdw vxfk dq lqfuhdvh kdv rq fdslwdo dffxpxodwlrq/ dqg wklv ohdgv wr
pdjql￿hg h￿hfwv erwk ryhu wkh exvlqhvv f|foh dqg lq wkh orqj0uxq1
E| holplqdwlqj vkruw0uxq ￿xfwxdwlrqv lq orz0vnloohg frqvxpswlrq/ wklv uxoh khdylo| shqdol}hv kljk0
vnloohg zrunhuv lq wkh suhvhqfh ri xqh{shfwhg pljudwlrqv vlqfh orz0vnloohg lqfrph ghfolqhv zkloh dw wkh
vdph wlph wkhuh lv d odujhu qxpehu ri shrsoh wkdw qhhgv wr eh lqvxuhg1 Frpsduhg zlwk dq hjdolwduldq
uxoh/ wkh exughq ri wkh vkruw0uxq dgmxvwphqw lv pruh khdylo| wlowhg wrzdugv kljk0vnloohg djhqwv zklfk qrz
ehdu xs wr dq 4;( lqfuhdvh lq wkhlu pdujlqdo wd{ udwh ryhu wkh exvlqhvv f|foh1
Wr vxppdul}h/ zkhq xqh{shfwhg pljudwlrqv ri orz0vnloohg djhqwv rffxu/ wkh vl}h ri wkh zhoiduh vwdwh
lqfuhdvhv1 Zkhq kljk0vnloohg djhqwv* wd{dwlrq lv ￿{hg ryhu wkh exvlqhvv f|foh/ uhglvwulexwlrq srolflhv wxuq
djdlqvw orz0vnloohg djhqwv zklfk duh qrz zruvh r￿ ehfdxvh wkhuh lv d vpdoohu srro ri uhvrxufhv wr eh
uhglvwulexwhg wr d odujhu qxpehu ri djhqwv1 Zkhq kljk0vnloohg zrunhuv frqwulexwh zlwk ydu|lqj dprxqwv
wr wkh zhoiduh vwdwh ryhu wkh dgmxvwphqw sdwk/ wkh f|folfdo frqvhtxhqfhv pd| eh pruh gudpdwlf dv wd{
glvlqfhqwlyhv ghsuhvv fdslwdo dffxpxodwlrq dqg shu0fdslwd lqfrph1 Zlwk hjdolwduldq wd{hv erwk fodvvhv
ri djhqwv duh shqdol}hg ryhu wkh exvlqhvv f|foh uhodwlyh wr wkh fdvh ri qr uhglvwulexwlrq1 Zlwk lqvxudqfh
wd{hv/ wkh ixoo exughq ri wkh lqfuhdvh lq wkh zhoiduh vwdwh idoov rq kljk0vnloohg djhqwv dqg wkh ghsuhvvlqj




Dowkrxjk wkh hylghqfh ri vhfwlrq 5 frqfhuqv ohjdo pljudwlrq/ lw lv zhoo nqrzq wkdw wkh pdjqlwxgh ri loohjdo
pljudqwv ￿rzv wr vrph RHFG uhjlrqv lv suredeo| dv odujh dv wkh rqh ri ohjdo pljudqwv1 Lw lv wkhuhiruh
lqwhuhvwlqj wr frqvlghu zkdw loohjdo pljudwlrqv gr lq wkh frqwh{w ri rxu prgho zkhq wkhuh lv dq dfwlyh
zhoiduh vwdwh1
Jlyhq wkh vlpsolflw| ri wkh hfrqrp|/ zh fdswxuh rqo| rqh dvshfw ri wkh yhu| frpsoh{ sureohp ri
loohjdo pljudwlrq/ qdpho| wkdw loohjdo pljudqwv hqwhu wkh oderu pdunhw/ exw duh qrw hqwlwohg wr wkh zhoiduh
55ehqh￿wv wkdw wkh jryhuqphqw surylghv wr qdwlyh orz0vnloohg djhqwv1 Lq rxu vhwxs/ loohjdo pljudqwv gr qrw
sd| wd{hv hlwkhu exw zh frxog hdvlo| dphqg wklv dqg kdyh wkhp sd| sd|uroo wd{hv zlwkrxw uhfhlylqj dq|
wudqvihuv1 Wklv h{shulphqw lv lqwhuhvwlqj wr srolf|pdnhuv vlqfh zlwk wkh uhfhqw LLULUD DFW ri 4<<9/
hyhq ohjdo pljudqwv lq wkh XV zloo qr orqjhu eh hqwlwohg wr wkh zhoiduh ehqh￿wv hqmr|hg e| qdwlyhv1
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zkhuh ￿3 dqg 4 ￿ ￿3 ghqrwh wkh suh0pljudwlrq vkduhv ri wkh wzr w|shv ri qdwlyh djhqwv1
Zh suhvhqw wkh lpsxovh uhvsrqvhv ri wklv h{shulphqw lq Iljxuh ; zkhq wkhuh lv dq hjdolwduldq zhoiduh
vwdwh1 Wkh txdolwdwlyh ehkdylru ri shu0fdslwd yduldeohv lv xqfkdqjhg dqg hyhq txdqwlwdwlyh gl￿huhqfhv
duh vpdoo uhodwlyh wr wkh fdvh frqvlghuhg lq Iljxuh 91 Krzhyhu/ dw wkh glvdjjuhjdwh ohyho/ fkdqjhv duh
lpsruwdqw1 Vlqfh wkh srro ri srwhqwldo xvhuv ri wkh zhoiduh vwdwh ghfuhdvhv uhodwlyh wr wkh fdvh zkhuh orz0
vnloohg qdwlyhv dqg pljudqwv hqmr| dq hjdolwduldq uhglvwulexwlrq/ kljk0vnloohg djhqwv zloo eh wd{hg dw d orzhu
udwh dqg wklv doorzv wkhp wr lqfuhdvh wkhlu frqvxpswlrq dorqj wkh exvlqhvv f|foh +dowkrxjk/ txdqwlwdwlyho|/
wkh fkdqjh lv vpdoo,1 Rq wkh rwkhu kdqg/ vlqfh wd{0uhyhqxhv lqfuhdvh iroorzlqj wkh lqfuhdvh lq kljk0vnloohg
lqfrph/ wkh zhoiduh vwdwh uhglvwulexwhv pruh wr qdwlyh orz0vnloohg djhqwv/ zklfk qrz h{shulhqfh dq lqfuhdvh
lq wkhlu diwhu0wd{ lqfrphv1 Ilqdoo|/ pljudqw lqfrph/ zklfk lv wkh vdph dv qdwlyh orz0vnloohg lqfrph ehiruh
uhglvwulexwlrq/ ghfolqhv rq lpsdfw dqg vwd|v ehorz }hur ryhu wkh exvlqhvv f|foh1
Khqfh/ rqh zd| wr uhgxfh wkh qhjdwlyh h￿hfwv rq erwk fdslwdo dffxpxodwlrq dqg orz0vnloohg frq0
vxpswlrq gxh wkh suhvhqfh ri dq hjdolwduldq jryhuqphqw lv wr uhgxfh +ru holplqdwh, wkh ehqh￿wv iru wkh
qhzfrphuv1 Qdwlyh orz0vnloohg zloo idyru wklv sursrvdo dqg suhihu loohjdo wr ohjdo pljudqwv zkhq wkhuh lv
dq hjdolwduldq vwdwh ehfdxvh wkh| fdq uhds odujhu shu0fdslwd ehqh￿wv shu xqlw ri frqvxpswlrq vxewudfwhg
wr kljk0vnloohg djhqwv1 Qdwlyh kljk0vnloohg zloo eh ehwwhu r￿ ehfdxvh wkh| sd| orzhu lqfrph wd{hv1 Wkhvh
jdlqv/ krzhyhu/ duh hqwluho| dw wkh frvw ri wkh pljudqwv zkr duh h{foxghg iurp wkh zhoiduh vwdwh1
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Zh ￿qdoo| frqvlghu wkh fdvh zkhuh pljudqwv duh qrw doorzhg wr hqwhu wkh oderu pdunhw ri wkh uhfhlylqj
frxqwu|/ exw duh frpshqvdwhg hqmr|lqj wkh vdph ohyho uhglvwulexwlrq ri qdwlyh orz0vnloohg djhqwv1 Wklv
frxog kdyh uhsuhvhqwhg wkh vlwxdwlrq ri pljudqwv zkr uhdfkhg wkh XV iru idplo| xql￿fdwlrq ru zlwk d
uhixjhh vwdwxv sulru wr Dxjxvw 4<<91
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56Vlqfh wkh pljudqwv h￿hfwlyho| kdyh d frqvxpswlrq udwh ri 4/ wkh h{shulphqw zh frqvlghu lv htxlydohqw
wr d shupdqhqw lqfuhdvh lq jryhuqphqw vshqglqj ￿qdqfhg wkurxjk glvwruwlrqdu| wd{hv +dsduw iurp wkh
idfw wkdw pljudqwv dovr lqfuhdvh wkh vl}h ri wkh srsxodwlrq,1 Zh dvvxph wkdw wudqvihuv wr wkh pljudqwv duh




djhqwv* suh0pljudwlrq lqfrph dqg * ghwhuplqhv wkh ohyho ri wkh wudqvihuv wr wkh pljudqwv1 Zh dvvxph
wkdw * @ 58( dqg wkdw wkh jryhuqphqw hqjdjhv lq hjdolwduldq uhglvwulexwlrq1
Iljxuh < looxvwudwhv wkh g|qdplf h￿hfwv lq wklv fdvh1 Dw wkh djjuhjdwh ohyho doo yduldeohv qrz ghfolqh rq
lpsdfw dqg ryhu wkh exvlqhvv f|foh= sduwlfxoduo| vwurqj lv wkh h￿hfw rq lqyhvwphqw zklfk qrz ghfolqhv e|
418( zkloh lq ￿jxuh 9 zdv lqfuhdvlqj e| derxw 418(1 Wkh uhdvrq lv wkdw wkh jryhuqphqw qhhgv wr lqfuhdvh
wd{hv rq kljk0vnloohg wr ￿qdqfh wudqvihu sd|phqwv wr pljudqwv dqg wklv rffxuv lq d vlwxdwlrq zkhuh wkh
kljk0vnloohg2fdslwdolvwv gr qrw h{shulhqfh d kljkhu lqfrph vlqfh zdjhv dqg lqwhuhvw udwhv/ lq frqwudvw wr
wkh suhylrxv fdvhv/ duh xqfkdqjhg1
Wkh prvw vljql￿fdqw h￿hfwv duh dssduhqw dw wkh glvdjjuhjdwhg ohyho1 Vlqfh wrwdo uhvrxufhv ghfuhdvh
voljkwo| dqg wkh jryhuqphqw wudqvihuv lqfrph wr pljudqwv/ frqvxpswlrq ri erwk w|shv ri qdwlyhv ghfuhdvh1
Wkh shufhqwdjh ghfuhdvhv duh ri dssur{lpdwho| wkh vdph vl}h ehfdxvh wkh| duh gulyhq e| wd{ h￿hfwv dqg
wkh| ehfrph vxevwdqwldo ryhu wkh dgmxvwphqw sdwk/ dv wkh shufhqwdjh ghfuhdvhv lq frqvxpswlrq ri erwk
w|shv uhdfkhv 318(1 Iru kljk0vnloohg djhqwv wklv ghfuhdvh lv vpdoohu wkdq wkdw revhuyhg lq ￿jxuh 9 zkloh
wkh rssrvlwh lv wkh fdvh iru orz0vnloohg djhqwv1 Wkxv zlwk dq hjdolwduldq zhoiduh vwdwh/ kljk0vnloohg djhqwv
zrxog rssrvh dgplwwlqj pljudqwv wr wkh oderu pdunhw zkloh orz0vnloohg djhqwv zrxog suhihu pljudqwv wr
hqwhu lqwr wkh oderu pdunhw1
Wklv rxwfrph pljkw vhhp frxqwhulqwxlwlyh= uhvwulfwlqj oderu pdunhw sduwlflsdwlrq ri pljudqwv dyrlgv
wkh frpshwlwlrq wkdw kdupv qdwlyh orz0vnloohg djhqwv1 Wkh h{sodqdwlrq fdq eh irxqg lq wkh vshfl￿fdwlrq
ri wkh zhoiduh vwdwh1 Xqghu wkh hjdolwduldq v|vwhp wkh jryhuqphqw nhhsv wkh zhgjh ehwzhhq kljk0vnloohg
dqg orz0vnloohg diwhu0wd{ lqfrphv ￿{hg1 Wkxv/ zkhq pljudqwv duh dgplwwhg wr wkh oderu pdunhw wkh
zhoiduh vwdwh hqjdjhv lq _pruh% uhglvwulexwlrq ehfdxvh kljk0vnloohg djhqwv* lqfrph ulvhv dv wkh uhwxuq rq
fdslwdo lqfuhdvhv1 Wkhuhiruh/ wklv uhglvwulexwlrq pdnhv orfdo orz0vnloohg djhqwv ehwwhu r￿ uhodwlyh wr wkh
fdvh frqvlghuhg khuh1
Lw lv zruwk frqvlghulqj zkhwkhu wklv uhvxow fuxfldoo| ghshqgv rq wkh ohyho ri wudqvihuv wkdw wkh lppl0
judqwv uhfhlyh dqg wkh ghwdlov ri wkh zhoiduh wudqvihuv1 Iluvw/ zkhwkhu kljk0vnloohg djhqwv zrxog suhihu
qrw wr dgplw lppljudqwv wr wkh oderu pdunhw fohduo| ghshqgv rq wkh wd{ exughq1 Li * lv lqfuhdvhg wr
83( zh ￿qg wkdw hyhq kljk0vnloohg djhqwv zrxog idyru dgplwwlqj pljudqwv wr wkh oderu pdunhw1 Vhfrqg/
li wkh zhoiduh vwdwh rshudwhv xqghu wkh LU v|vwhp qdwlyh orz0vnloohg djhqwv duh htxdoo| zhoo r￿ zkhwkhu
57lppljudqwv duh dgplwwhg wr wkh oderu pdunhw ru qrw1 Wkxv/ lq wklv fdvh wkh txhvwlrq lv zkhwkhu wkh
kljk0vnloohg djhqwv duh ehwwhu r￿ zlwk ru zlwkrxw dgplwwlqj wkh pljudqwv wr wkh oderu pdunhw1 Djdlq/
wklv ghshqgv rq wkh wudqvihuv sdudphwhu/ *= iru ydoxhv deryh 63(/ kljk0vnloohg djhqwv zrxog suhihu wkdw
wkh pljudqwv hqwhu wkh oderu pdunhw1
Lq vxppdu|/ zkhwkhu qdwlyhv suhihu wr kdyh pljudqwv lq wkh oderu pdunhw ru qrw ghshqgv rq wkh ohyho
ri wudqvihuv dqg rq wkh w|sh ri qdwlyhv zh frqvlghu1 Lq jhqhudo/ iru orz wudqvihuv kljk0vnloohg djhqwv zrxog
suhihu wr nhhs pljudqwv rxw ri wkh oderu pdunhw zkloh orz0vnloohg djhqwv zrxog idyru wkhlu oderu pdunhw
sduwlflsdwlrq1
Ilqdoo| lw lv zruwk phqwlrqlqj wkdw/ dv idu dv wkh zhoiduh ri qdwlyhv lv frqfhuqhg/ wklv h{shulphqw
uhvhpeohv d iruhljq0dlg surjudp lq zklfk wkh jryhuqphqw wudqvihuv ixqgv wr d iruhljq frxqwu| udlvlqj
wd{hv rq qdwlyhv1 Fohduo|/ vxfk d surjudp zrxog qrw d￿hfw wkh shu0fdslwd yduldeohv lq wkh vdph zd|
+vlqfh wkh vl}h ri wkh grphvwlf srsxodwlrq lv xqfkdqjhg lq wkh fdvh ri iruhljq0dlg, exw wkh txdolwdwlyh
h￿hfwv rq qdwlyhv zrxog eh txlwh vlplodu1
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Wkh dqdo|vlv vr idu kdv ghprqvwudwhg wkdw pljudwlrqv ri orz0vnloohg djhqwv pd| kdyh yhu| gl￿huhqw lpsolfd0
wlrqv iru wkh uhfhlylqj frxqwu| ghshqglqj rq wkh w|sh ri uhglvwulexwlyh srolf| sxuvxhg e| wkh jryhuqphqw1
Zlwkrxw wd{hv/ vnloohg djhqwv2fdslwdo kroghuv ehqh￿w iurp pljudwlrqv dqg wklv pd| h{sodlq zk| wkhuh
zdv qrw pxfk sxeolf rxwfu| djdlqvw pljudwlrqv lq wkh 83*v dqg wkh 93*v1 Krzhyhu/ zlwk uhglvwulexwlyh
wd{hv/ wkh exughq ri pljudwlrq frvwv lv vkliwhg lq sduw ru frpsohwho| rqwr kljk vnloohg zrunhuv dqg fdslwdo
rzqhuv1
Lq wklv vhfwlrq/ zh dvn= krz pxfk duh uhvlghqwv zloolqj wr sd| lq whupv ri frqvxpswlrq lq rughu wr
nhhs pljudqwv rxw ri wkh frxqwu|B Lq rwkhu zrugv/ zh dvn krz pxfk d frxqwu| +ru vhfwruv ri d frxqwu|,
lv zloolqj wr ghyrwh wr surjudpv zklfk zrxog uhvwulfw wkh ￿rz ri pljudqwv lq h{fkdqjh ri iruhljq dlgv
surjudpv wr qdwlrqv zlwk d srwhqwldo srro ri pljudqwv1 Wklv txhvwlrq lv qrw sxuho| dfdghplf1 Vhyhudo
frxqwulhv/ h1j1/ Lwdo| lq wkh fdvh ri Doedqldqv/ kdyh hqjdjhg lq dfwlyh iruhljq dlg srolflhv wr fxue pdvvlyh
lq￿rzv ri pljudqwv uhvsrqglqj wr srolwlfdo dqg hfrqrplf fkdqjhv rffxuulqj lq wkhlu frxqwulhv1 Rwkhuv/
h1j1 wkh Vfdqglqdyldq frxqwulhv/ zkhuh zhoo ghyhorshg zhoiduh vwdwhv duh lq sodfh/ pljkw ￿qg wkhpvhoyhv
exughqhg e| wkh srwhqwldo frvwv ri dgplwwlqj pljudqwv lqwr wkh frxqwu|1 Wkh XV/ rq wkh rwkhu kdqg/ kdv
glyhuwhg ixqgv iurp zhoiduh surylvlrqv ri pljudqwv wr surjudpv frqwuroolqj erughuv hdvlo| shqhwudeoh e|
pljudqwv1
58Zh frpsxwh orqj0uxq zhoiduh phdvxuhv dorqj wkh olqhv ri Oxfdv +4<;:,1 Lq sduwlfxodu/ zh frpsxwh wkh
shufhqwdjh fkdqjh lq frqvxpswlrq vxfk wkdw wkh xwlolw| ri wkh qdwlyh srsxodwlrq lv wkh vdph ehiruh dqg
diwhu wkh pljudwlrq ri orz0vnloohg zrunhuv1 Lw lv srvvleoh dovr wr hydoxdwh wkh zhoiduh h￿hfwv wdnlqj wkh
g|qdplf dgmxvwphqw sdwk lqwr dffrxqw/ exw zh fkrrvh wr devwudfw iurp wklv lq rughu wr jhw d zhoiduh phwulf
wkdw lv pruh hdvlo| lqwhusuhwdeoh1 Ehfdxvh qdwlyh srsxodwlrq lv d khwhurjhqhrxv jurxs/ zh frpsxwh wzr
vxfk phdvxuhv1 Wkh ￿uvw lpsxwhv doo wkh frvwv ru jdlqv wr vnloohg zrunhuv2fdslwdolvwv1 Wkh rwkhu phdvxuh
dvvxphv wkdw wkh wzr gl￿huhqw jurxsv ri qdwlyh krxvhkrogv vkduh wkh frvwv ru jdlqv dqg zhljkwv wkh wzr






















4, ghqrwhv kljk0vnloohg frqvxpswlrq sulru wr +diwhu, wkh lq￿rz ri orz0vnloohg zrunhuv/ kv
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4,
duh krxuv zrunhg sulru wr +diwhu, wkh lq￿rz dqg
Z3 ￿ ￿3 +fv
3,
￿+4￿￿, +4 ￿ kv
3,
+4￿￿,+4￿￿, . +4 ￿ ￿3,+fx
3,
￿+4￿￿, +4 ￿ kv
3,
+4￿￿,+4￿￿, +55,
Z4 ￿ ￿3 +fv
4,
￿+4￿￿, +4 ￿ kv
4,
+4￿￿,+4￿￿, . +4 ￿ ￿3,+fx
4,
￿+4￿￿, +4 ￿ kx
4,
+4￿￿,+4￿￿, +56,
Zh frpsxwh wkhvh wzr phdvxuhv iru= +l, }hur wd{hv/ +ll, d frqvwdqw lqfrph wd{ udwh htxdo wr 8 shufhqw/
+lll, dq hjdolwduldq wd{0v|vwhp/ dqg +ly, dq lqvxudqfh wd{0v|vwhp1 Lq doo fdvhv zh dvvxph wkdw ￿3 @3 =:8
dqg wkhq frpsxwh ￿*v iru 4 wr 8 shufhqwdjh srlqw fkdqjhv lq wkh frpsrvlwlrq ri wkh srsxodwlrq1 Iru
hdfk ri wkhvh fdvhv zh orrn dw wkh zhoiduh h￿hfwv iru wkuhh gl￿huhqw uhodwlyh surgxfwlylwlhv ri wkh wzr
jurxsv ri krxvhkrogv1 Lq rqh fdvh zh ohw erwk jurxsv kdyh h{dfwo| wkh vdph surgxfwlylwlhv vr wkdw wkh
rqo| gl￿huhqfh lv gxh wr wkh rzqhuvkls ri wkh fdslwdo vwrfn1 Lq wkh vhfrqg fdvh zh vhw $ @4 =6/ dqg
wkh ￿qdo fdvh fruuhvsrqgv wr wkh sdudphwhul}dwlrq ri N|godqg +4<;7,/ l1h1 $ @ 5131 Dv $ lqfuhdvhv/ wkh
surgxfwlylw| gl￿huhqfh ehwzhhq wkh dyhudjh qdwlyhv dqg wkh pljudqwv lqfuhdvhv1 Dovr/ zh h{dplqh wzr
gl￿huhqw ydoxhv ri wkh hodvwlflw| ri vxevwlwxwlrq sdudphwhu/ ￿ @3 =3 dqg ￿ @3 =581
Ehiruh glvfxvvlqj wkh uhvxowv/ lw lv zruwk vwuhvvlqj wkdw rxu fdofxodwlrqv pd| eh d￿hfwhg e| vhyhudo
phfkdqlvpv zklfk zh kdyh qrw prghoohg lq wkh sdshu1 Lq sduwlfxodu/ zh kdyh dvvxphg wkdw wkh vnloo
gl￿huhqfhv duh h{rjhqrxv1 Lw kdv ehhq revhuyhg lq pdq| vwxglhv wkdw vhfrqg jhqhudwlrq lppljudqwv gr
qrw gl￿hu vljql￿fdqwo| iurp qdwlyhv lq whupv ri vnloov1 Krzhyhu/ lw lv dovr wuxh +vhh Ihoghuhu +4<<7,,
wkdw kxpdq fdslwdo dffxpxodwlrq ri pljudqwv lv yhu| vorz1 Zkloh zh eholhyh wkdw vnloo dftxlvlwlrq lv dq
lpsruwdqw lvvxh rqh qhhgv wr prgho ehiruh wdnlqj d ￿up ylhz ri wkh zhoiduh h￿hfwv ri pljudwlrqv/ zh dovr
59eholhyh wkdw/ dv d ￿uvw dssur{lpdwlrq/ lw pd| eh lqwhuhvwlqj wr frpsxwh zhoiduh frvwv glvuhjduglqj wklv
lvvxh +Vwruhvohwwhq +4<<8, frqvlghuv d prgho zlwk wkhvh h￿hfwv,1
Wdeoh 5 uhsruwv zhoiduh phdvxuhv iru ￿ @ 3 zkloh wdeoh 6 zhoiduh phdvxuhv iru ￿ @3 =58 Sduw D ri
Wdeoh 5 h{dplqhv wkh fdvh zkhuh wkhuh lv qr uhglvwulexwlrq1 Lw lv txlwh fohdu wkdw lq wklv fdvh pljudwlrqv
ohdg wr dq lqfuhdvh lq erwk zhoiduh phdvxuhv1 Ixuwkhupruh/ wkh zhoiduh jdlq lv lqfuhdvlqj lq wkh vl}h ri
wkh pljudwlrq ￿rz dqg ghfuhdvlqj lq wkh surgxfwlylw| gl￿huhqwldo1 Wkh lqwxlwlrq lv vwudljkwiruzdug= dq
lq￿rz ri oderu xqdpeljxrxvo| ohdgv wr d zhoiduh jdlq iru wkh fdslwdolvwv1 Wr uhdol}h wklv/ rqh fdq vlpso|
frqvlghu wkh zhoiduh h￿hfwv li wkh fdslwdo vwrfn zdv nhsw frqvwdqw1 Lq wkdw fdvh wkh fdslwdolvwv zrxog hqmr|
d kljkhu lqfrph gxh wr wkh kljkhu uhwxuq rq fdslwdo ehfdxvh wkh fdslwdo0oderu udwlr ghfuhdvhv1 Wklv lv wkh
fdvh lqyhvwljdwhg e| Ehuu| dqg Vroljr +4<9<,/ Erumdv +4<<7d/e, lq d prgho zlwk krprjhqrxv qdwlyhv/ dqg
Ehqkdele +4<<9, lq d prgho zlwk khwhurjhqhrxv djhqwv1 Krzhyhu/ lq rxu vhw0xs wkhuh lv dq lqfhqwlyh wr
dffxpxodwh fdslwdo dqg wkh hfrqrp| hqgv xs zlwk dq xqfkdqjhg fdslwdo0rxwsxw udwlr +exw wkh fdslwdolvwv
krog shu0krxvhkrog pruh fdslwdo lq wkh qhz vwhdg|0vwdwh,/ zkloh lqwhuhvw udwhv dqg zdjhv duh xqfkdqjhg1
Khqfh/ fdslwdo0rzqhuv zloo xqdpeljxrxvo| eh ehwwhu r￿ zkloh wkh xwlolw| ri orz0vnloohg djhqwv lv xqfkdqjhg1
Zkhq wkh surgxfwlylw| gl￿huhqfh lqfuhdvhv/ wkh fruuhvsrqglqj fkdqjh lq wkh lqlwldo h￿hfwlyh fdslwdo0oderu
udwlr lv vpdoohu dqg ohvv qhz fdslwdo zloo eh dffxpxodwhg1 Fohduo|/ zhoiduh jdlqv duh vpdoohu zkhq wkh wzr
jurxsv vkduh wkh ehqh￿wv1
Sdqho E ri wdeoh 5 fruuhvsrqgv wr d 8 shufhqw lqfrph wd{ zklfk zh krog frqvwdqw zkloh wkh h￿hfwlyh
uhglvwulexwlrq wr wkh orz0vnloohg djhqwv lv ydulhg vr wkdw wkh jryhuqphqw exgjhw frqvwudlqw lv vdwlv￿hg1
Zkhq kljk0vnloohg djhqwv ehdu wkh frvwv/ zhoiduh frvwv duh h{dfwo| wkh vdph dv lq wkh suhylrxv fdvh vlqfh
wkh rqo| glvwruwlrq dvvrfldwhg zlwk wkh lqfrph wd{ lv wr orzhu rxwsxw wkurxjk lwv* h￿hfw rq wkh fdslwdo0
rxwsxw udwlr1 Krxuv zrunhg 0 dqg khqfh wkh oderu lqsxw lq h￿flhqf| xqlwv 0 duh xqd￿hfwhg ehfdxvh ri
wkh suhihuhqfh vshfl￿fdwlrq zh xvh1 Khqfh/ lq shufhqwdjh whupv/ wkh zhoiduh jdlqv iru kljk0vnloohg duh
h{dfwo| wkh vdph dv zlwk d }hur wd{ udwh1 Wkh h￿hfwv rq wkh orz0vnloohg zrunhuv/ krzhyhu/ fkdqjh1 Zlwk d
frqvwdqw lqfrph wd{ udwh/ dq lq￿rz ri orz0vnloohg zrunhuv lpsolhv wkdw wkhuh duh ihzhu uhvrxufhv dydlodeoh
iru uhglvwulexwlrq1 Khqfh kljk0vnloohg zrunhuv fdqqrw frpshqvdwh orz0vnloohg djhqwv iru wklv orvv dqg
djjuhjdwh zhoiduh ghfolqhv1 Qrwh djdlq/ wkdw zhoiduh orvvhv duh lqfuhdvlqj lq $1
Sduw F ri Wdeoh 5 uhsruwv wkh uhvxowv zkhq dq hjdolwduldq uxoh lv lq sodfh1 Wkh uhvxowv gl￿hu iurp wkh
suhylrxv wzr fdvhv ehfdxvh wkh pdujlqdo lqfrph wd{ udwh fkdqjhv1 Lw lv lpsruwdqw wr uhfdoo wkdw lq wklv
fdvh wkh udwlr ri wkh diwhu wd{ lqfrph ohyhov ri wkh wzr jurxsv lv nhsw frqvwdqw dqg htxdo wr ￿1 Wkh lq￿rz
ri orz0vnloohg oderu lqfuhdvhv wkh ehiruh wd{ lqfrph ri kljk0vnloohg djhqwv dqg wd{hv duh lqfuhdvhg wr nhhs
￿ frqvwdqw1 Wklv lpsolhv wkdw vwhdg|0vwdwh fdslwdo0rxwsxw udwlr ghfolqhv/ wkdw wkhuh lv d zhoiduh orvv iru
5:kljk0vnloohg zrunhuv/ zklfk djdlq lv lqfuhdvlqj lq $ dqg/ lq frqwudvw wr deryh/ wkdw wkh zhoiduh frvw lv
ghfuhdvlqj lq $ vlqfh wkh wd{ h￿hfw lv vpdoohu wkh pruh surgxfwlyh kljk0vnloohg zrunhuv duh1 Qrwh wkdw
ehfdxvh orz0vnloohg djhqwv ehqh￿w iurp wklv surjudp/ wkh hfrqrp| zlgh orvvhv duh vpdoohu wkdq wkrvh
vx￿huhg e| kljk0vnloohg djhqwv iru hdfk $1
Zlwk dq lqvxudqfh v|vwhp +Sduw G,/ wkh zhoiduh h￿hfwv ri pljudwlrqv duh yhu| vlplodu1 Zlwk dq lq￿rz
ri pljudqwv wd{hv qhhg wr eh lqfuhdvhg lq rughu wr pdlqwdlq wkh diwhu wd{ lqfrph wkdw wkh zhoiduh vwdwh
surplvhg wr wkh orz0vnloohg1 Zkhq wkh surgxfwlylw| gl￿huhqfhv duh vx￿flhqwo| vpdoo/ wkh frvwv iru wkh
fdslwdo rzqhuv duh vpdoo/ exw wkh| lqfuhdvh zlwk $1 Qrwh dovr wkdw lq wklv odwwhu fdvh frvwv duh vljql￿fdqw
iru kljk0vnloohg zrunhuv vlqfh wd{ udwhv duh voljkwo| kljkhu wkdq wkrvh h{shulhqfhg zlwk dq hjdolwduldq uxoh
zkloh orz0vnloohg djhqwv zhoiduh lv xqfkdqjhg1
Zkhq ￿ @3 =58 wkh txdolwdwlyh wkh h￿hfwv duh vlplodu wr wkrvh suhvhqwhg lq wdeoh 51 Wkh rqo| vljql￿fdqw
gl￿huhqfh lv lq wkh fdvh $ @5 =3 iru wkh fdvh ri qr wd{hv vlqfh qrz wkhuh duh zhoiduh orvvhv zkloh ehiruh
wkhuh zhuh jdlqv1 Wklv lv gxh wr wkh idfw wkdw zkhq wkh surgxfwlylw| gl￿huhqfh lv kljk/ wkh gl￿huhqwldo
h￿hfw rq zdjhv ehfrphv odujh dqg wklv ohdgv wr d odujhu orvv iru wkh orz0vnloohg djhqwv1 Wzr rwkhu idfwv
qhhg wr eh qrwlfhg1 Iluvw/ wd{ udwhv zlwk HU dqg LU uxohv duh pxfk odujhu wkdq lq wkh suhylrxv fdvh1
Wkh uhdvrq lv wkdw wkh ehiruh wd{ lqfrph gl￿huhqwldo ehwzhhq wkh wzr w|shv ri djhqwv lv pxfk odujhu khuh1
Vhfrqg/ wkh pdjqlwxgh ri wkh jdlqv dqg orvvhv lq wkh irxu gl￿huhqw vfkhphv lv pdjql￿hg1 Iru h{dpsoh/
kljk0vnloohg djhqwv zrxog eh zloolqj wr jlyh xs 41:( ri dqqxdo frqvxpswlrq wr dgplw d ￿rz ri orz0vnloohg
pljudqwv zklfk fkdqjh wkh frpsrvlwlrq ri srsxodwlrq e| 4( zlwk qr wd{hv exw wkh| duh zloolqj wr sd|
xs wr 318( ri wkhlu frqvxpswlrq zkhq wkhuh duh lqvxudqfh wd{hv wr nhhs wkh vdph dprxqw ri pljudqwv
dzd|1 Rqfh djdlq wklv pdjql￿fdwlrq lv gxh wr wkh suhvhqfh ri wzr uhglvwulexwlyh pdujlqv dqg wkdw wd{hv
rq kljk0vnloohg duh yhu| kljk1
Wr vxp xs/ wkh txdqwlwdwlyh h￿hfwv ri orz0vnloohg oderu pljudwlrq fuxfldoo| ghshqg rq wkh vl}h ri
wkh lppljudwlrq ￿rz/ wkh uhodwlyh surgxfwlylw| gl￿huhqfh ehwzhhq pljudqwv dqg qdwlyhv dqg rq wkh uh0
glvwulexwlrq v|vwhp lq sodfh lq wkh uhfhlylqj frxqwu|1 Zkhq wkh uhfhlylqj frxqwu| grhv qrw hqjdjh lq
uhglvwulexwlrq/ pljudwlrqv duh xqdpeljxrxvo| zhoiduh lpsurylqj iru kljk0vnloohg djhqwv dqg wkh uhfhlylqj
frxqwu|/ qrwzlwkvwdqglqj wkh srvvleoh vkruw0uxq frvwv dvvrfldwhg zlwk dgmxvwphqwv ri wkh fdslwdo vwrfn/
vkrxog hqfrxudjh pljudwlrq ri wklv w|sh ri djhqwv1 Krzhyhu/ li wkh uhfhlylqj frxqwu| grhv hqjdjh lq
uhglvwulexwlrq/ dv lv frpprq lq prvw RHFG frxqwulhv/ zhoiduh jdlqv pd| wxuq lqwr odujh frvwv/ zklfk
pd| shupdqhqwo| d￿hfw wkh orqj0uxq survshfwv ri wkh hfrqrp|1
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Lq wklv sdshu zh dqdo|}hg wkh txdqwlwdwlyh h￿hfwv ri orz0vnloohg pljudwlrqv lq d g|qdplf prgho zlwk
fdslwdo dffxpxodwlrq1 Pljudwlrqv wr RHFG frxqwulhv kdyh ehhq vxevwdqwldo ryhu d surorqjhg shulrg ri
wlph dqg lw vhhpv qdwxudo wr lqyhvwljdwh wkh pdfurhfrqrplf frqvhtxhqfhv ri vxfk ￿rzv ryhu wkh exvlqhvv
f|foh1 Rqh fkdudfwhulvwlf hpskdvl}hg lq wkh ghprjudsklf olwhudwxuh lv wkdw pljudqwv wr RHFG frxqwulhv
duh ohvv vnloohg wkdq wkh dyhudjh qdwlyh zrunhu dqg wklv dvshfw zdv lqfoxghg lq rxu dqdo|vlv1
Zh ￿qg wkdw dq lq￿rz ri orz0vnloohg zrunhuv lqgxfhv dgmxvwphqwv zklfk uhvhpeoh wkrvh wdnlqj sodfh
li wkh fdslwdo vwrfn zdv vxgghqo| glvuxswhg1 Vxfk d fkdqjh ohdgv wr kljkhu lqyhvwphqwv ryhu wkh exvlqhvv
f|foh/ dqg li doo djhqwv zhuh lghqwlfdo/ wklv zrxog eh wkh rqo| pdfurhfrqrplf dgmxvwphqw wdnlqj sodfh1
Krzhyhu/ zlwk dq khwhurjhqhrxv zrunirufh/ dq lq￿rz ri orz0vnloohg zrunhuv kdv dovr d frpsrvlwlrq h￿hfw
zklfk ohdgv erwk wr orqj0uxq fkdqjhv dqg wr gl￿huhqwldo lpsdfw rq kljk dqg orz0vnloohg djhqwv1 Lq wkh
orqj0uxq pljudwlrqv ohdg wr d ghfuhdvh lq shu0fdslwd fdslwdo/ rxwsxw dqg lqyhvwphqw li wkh wzr w|shv ri
zrunhuv duh shuihfw vxevwlwxwhv lq surgxfwlrq1 Vnloohg djhqwv duh ehwwhu r￿ zkhq wkhuh lv d pljudwlrq ri
orz0vnloohg djhqwv ehfdxvh wkh| rzq wkh fdslwdo vwrfn= lq wkh vkruw0uxq/ l1h1 iru d ￿{hg fdslwdo vwrfn/ wkh
uhwxuq rq fdslwdo lqfuhdvhv/ zkloh lq wkh orqj0uxq wkh| kdyh kljkhu fdslwdo lqfrph ehfdxvh wkh| hdfk krog
pruh fdslwdo shu0fdslwd1 Orz0vnloohg djhqwv duh zruvh r￿ lq wkh vkruw0uxq ehfdxvh zdjhv idoo iroorzlqj d
pljudwlrq ￿rz exw duh xqd￿hfwhg lq wkh orqj0uxq dv zdjhv uhwxuq wr wkh ruljlqdo vwhdg| vwdwh1 Zkhq wkh
wzr w|shv ri djhqwv duh lpshuihfw vxevwlwxwh d gl￿huhqwldo zdjh h￿hfw lv dgghg zklfk vkdushqv wkh lqfrph
jds ehwzhhq kljk dqg orz0vnloohg djhqwv erwk ryhu wkh exvlqhvv f|foh dqg lq wkh orqj0uxq1
Zh kdyh dqdo|}hg wkh vhqvlwlylw| ri wkh uhvxowv wr dowhudwlrqv ri wkh shuvlvwhqfh ri wkh vkrfnv/ wkh vl}h
ri wkh orqj0uxq frpsrvlwlrqdo h￿hfwv dqg wkh uhodwlyh vnloo gl￿huhqwldo ri pljudqwv dqg qdwlyhv dqg irxqg
vrph udwlrqdoh iru srolflhv suhihuulqj wudqvlhqw wr shupdqhqw pljudwlrqv dqg kljk0vnloohg wr orz0vnloohg
pljudwlrqv ryhu wkh exvlqhvv f|foh1
Rxu frqfoxvlrqv duh dowhuhg zkhq wkhuh lv uhglvwulexwlrq dprqj fodvvhv ri djhqwv1 Iluvw/ zh frqvlghu
d fdvh zkhuh wkh pdujlqdo lqfrph wd{ udwh lv nhsw frqvwdqw dfurvv fodvvhv ri djhqwv zkloh jryhuqphqw
uhyhqxhv duh uhglvwulexwhg wr orz0vnloohg djhqwv1 Zlwk wklv vfkhph orz0vnloohg djhqwv duh zruvh r￿ lq wkh
orqj0uxq ehfdxvh wkhuh duh pruh djhqwv wr vkduh wkh srro ri jryhuqphqw uhyhqxhv1 Vhfrqg/ zh frqvlghu
dq hjdolwduldq vfkhph lq zklfk wkh jryhuqphqw nhhsv wkh udwlr ri kljk wr orz0vnloohg djhqwv diwhu wd{
lqfrph frqvwdqw1 Lq wklv fdvh/ wkhuh lv d qhjdwlyh h￿hfw rq wkh fdslwdo vwrfn vlqfh d ￿rz ri orz0vnloohg
djhqwv irufhv kljk0vnloohg djhqwv wr ￿qdqfh d odujhu zhoiduh vwdwh1 Wkh ￿qdo fdvh zh frqvlghuhg zdv rqh
lq zklfk wkh jryhuqphqw lqvxuhv orz0vnloohg frqvxpswlrq ryhu wkh exvlqhvv f|foh dqg dgmxvwv wkh wd{ udwh
dffruglqjo|1 Khuh/ dq lq￿rz ri orz0vnloohg zrunhuv ohdgv wr d surorqjhg shulrg ri dgmxvwphqw dqg wr dq
5<ryhudoo ghfolqh lq zhoiduh iru erwk w|shv ri djhqwv1
Dv d fruroodu| wr rxu dqdo|vlv/ zh frqvlghu wkh h￿hfwv ri dq lq￿rz ri loohjdo pljudqwv dqg ri uhvwulfwlrqv
rq wkh oderu pdunhw dfwlylwlhv ri pljudqwv1 Lq rxu vhw0xs wkh glvwlqjxlvklqj ihdwxuh ri loohjdo pljudwlrqv
lv wkdw wkhvh djhqwv gr qrw uhfhlyh wudqvihuv dqg gr qrw sd| lqfrph wd{hv1 Zkhq wkh vwdwh lv hjdolwduldq
zh ￿qg/ pd|eh vxusulvlqjo|/ wkdw erwk w|shv ri djhqwv hqfrxudjh loohjdo lppljudwlrq$ Wkh uhdvrq iru
wklv lv wkdw orz0vnloohg djhqwv duh qhw0uhfhlyhuv ri wudqvihuv iurp wkh zhoiduh vwdwh1 Wkxv/ h{foxglqj wkhvh
pljudqwv iurp wkh zhoiduh vwdwh phdqv wkdw wd{hv lqfuhdvh ohvv diwhu dq lq￿rz ri orz0vnloohg djhqwv/ wd{hv
qhhgv wr eh lqfuhdvhg ohvv/ zklfk lv idyruhg e| wkh kljk0vnloohg djhqwv/ dqg wkdw wkh wd{ uhyhqxhv duh
uhglvwulexwhg wr wkh qdwlyh orz0vnloohg djhqwv rqo|1 Dqrwkhu vxusulvlqj uhvxow lv wkdw/ zkhq wkhvh lv d
zhoiduh vwdwh lq sodfh/ orz0vnloohg qdwlyhv idyru wkh dgplwwdqfh ri pljudqwv wr wkh oderu pdunhw zkloh
vnloohg djhqwv zloo rssrvh lw1 Wkh uhdvrq lv wkdw zkhq wkh pljudqwv duh doorzhg wr zrun wkh zhoiduh vwdwh
zloo eh pruh surqh wr uhglvwulexwh lqfrph/ zklfk kdupv kljk0vnloohg djhqwv dqg lpsuryh wkh zhoiduh ri
orz0vnloohg djhqwv1
Lw lv lpsruwdqw wr vwuhvv wkdw rxu dqdo|vlv frqvwlwxwhv rqo| d ￿uvw orrn dw wkh sureohp dqg lw zrxog
suredeo| eh lpsruwdqw wr hqgrjhql}h vnloo irupdwlrq ehiruh zh fdq jlyh d gh￿qlwh dqvzhu wr wkh txhv0
wlrqv zh kdyh srvhg lq wkh lqwurgxfwlrq1 Hpslulfdo hylghqfh vxjjhvwv wkdw lqlwldo vnloo gl￿huhqfhv ehwzhhq
qdwlyhv dqg pljudqwv glvdsshdu ryhu wlph/ dowkrxjk dw d yhu| vorz udwh/ dqg wklv pd| prgli| wkh uh0
vxowv ri rxu zhoiduh fdofxodwlrqv1 Dqrwkhu lvvxh wkdw rqh pd| zlvk wr dgguhvv lv zkhwkhu lqwhuqdwlrqdo
uhshufxvvlrqv duh lpsruwdqw dqg zkhwkhu ru qrw lqwhuqdwlrqdo dlg vfkhphv ohdg wr lpsuryhg frqglwlrqv lq
lqwhuqdwlrqdo vhwwlqjv1 Wkhvh lvvxhv zloo eh wdnhq xs lq ixwxuh uhvhdufk1
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